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By W. J. HUMPHREYS. 
PRELIMINARY REMARKS. 


Ir is well known to spectroscopists that the character of 
the emission spectrum of an element depends greatly upon the 
physical conditions under which it is produced. If the element 
is in the solid or liquid state its spectrum is continuous, but dis- 
continuous when it is in the form of an attenuated gas. The 
discontinuous spectrum may consist either of bands or of isolated 
lines or of both, according in part to the substance used, and in 
part to the conditions under which its spectrum is formed. In 
general the number of lines that can be detected and their inten- 
sities increase with increase of temperature, though their relative 
intensities may change very greatly as the temperature is raised, 
Increase in the density of a gas or vapor increases the width of 
its spectral lines; some of them spread out symmetrically, others 
unsymmetrically. In the latter case the chief increase in width 
is usually, but not always, towards the less refrangible or red 
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end of the spectrum. A somewhat similar increase in the width 
of lines (both emission and absorption), together with certain 
polarization phenomena, may be produced, according to Zeeman,’ 
by placing the vapor to which the lines are due in a strong mag- 
netic field. 

Again, whether a line is reversed or not depends in part at 
least upon the thickness and density of the absorbing layer. 
Finally a single element, as argon for instance, may give one 
or another of two distinct line spectra owing to the character of 
the electric discharge used to produce it, and to the pressure of 
the gas. 

Not only emission but absorption spectra also are known to 
be subject to changes. One of the most important of these 
changes was observed by Kundt who, in describing it, says that 
the position of an absorption band depends upon the substance 
in which it is dissolved or incorporated, that the band is displaced 
towards the red end of the spectrum when the substance pro- 
ducing it is dissolved in a strongly dispersive medium; or, to 
use his own words, as they occur in an article on absorption 
spectra.2 ‘‘Hat ein farbloses Lésungsmittel ein betrachtlich 
grésseres Brechungs-und Dispersionsvermdgen als ein anderes, 
so liegen die Absorptionsstreifen einer in den Medien gelésten 
Substanz bei Anwendung des ersten Mittels dem roten Ende des 
Spectrums naher als bei Benutzung des zweiten.” 

In view of the reciprocal relation between absorption and 
emission of radiations, it would seem that one might suspect the 
possibility of a similar phenomenon, that is shift of lines, in the 
case of emission spectra. Indeed some observers have reported 
shifts of certain spectral lines, and besides something of the kind 
is suggested by the theories of both Lommel? and Willner.‘ 

*“ On the influence of Magnetization on the Nature of the Light Emitted by a 
Substance.”—PAil. Mag., March 1897; this JOURNAL, 5, 332, 1897. 

2“‘Ueber den Einfluss des Lésungsmittels auf die Absorptionsspectra gelister 
absorbirender Medien.” — Wied. Ann., 4) 34. 

3“ Theorie der Absorption und Fluorescenz.”—Wied. Ann., 3, 251. 


4“Ueber almahliche Ueberfiihrung des Bandenspectrums des Stickstoffs in ein 
Linienspectrum.”—Wied. Ann., 8, 590. 
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However, these observations were all but certainly illusive, as 
others have asserted, and as will be explained further on, and the 
theories are at least incomplete since they do not agree in all 
respects with observations. In considering them I shall confine 
myself to those parts that deal with the displacements or shifts 
of the lines. 

According to Lommel's theory the spectral lines increase in 
width, chiefly on the red side, and shift in the same direction 
when the density of the gas producing them is increased. He 
says: ‘Bei vergrésserung der Dichte oder des Drucks eines 
Gases erleidet die helle Spectrallinie eine Verbreiterung und 
gleichzeitige Verschiebung nach der weniger brechbaren Seite 
hin,”’ 

This theory makes the spreading of a line and its displace- 
ment depend upon the same thing—namely, the increase of the 
density of the gas whose lines are affected. According to it the 
spreading must always be chiefly towards the red end of the 
spectrum, and the lines must shift only when they are spread 
out; in fact the shift of a line is due, in terms of the theory, to 
unsymmetrical broadening and to nothing else. 

As a matter of fact, while many lines are spread out, by 
increase of the density of the gas producing them, chiefly towards 
the red end of the spectrum, many others are broadened sym- 
metrically, and others even spread out chiefly towards the more 
refrangible or violet end. Therefore by merely increasing the 
density of the luminous gas or vapor, without change of total 
pressure, the centers of certain lines are moved toward the red 
and others toward the violet of the spectrum; while those lines 
that spread symmetrically are not displaced at all. Besides the 
reversals, which of course give the positions of the most intense 
portions of the lines, are never displaced in the slightest by any 
increase in the density of the luminous gas or vapor so long as 
the absolute pressure is kept the same. 

The shift discussed in this paper probably does not depend 
in the least, as will appear from the experimental results, upon 
the density of the gas or vapor producing the lines, but only 
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upon the absolute pressure; and apparently it has no connection 
with the spreading, either symmetrical or unsymmetrical, of the 
lines themselves. It would therefore seem that Lommel’s theory, 
though ingenious and well worked out, in no wise predicts the 
observations described in the following pages. 

In support of that part of his theory which demands a shift 
of the lines, Lommel refers to the experiments of Zé6llner* and 
Miiller,? both of whom used the common method of putting a 
bead of salt in a Bunsen flame and then examining, by suitable 
methods, the light so produced. The intensity of the flame and 
the quantity of salt in it were both varied, and some of the 
results they obtained indicated a movement of the lines towards 
the red end of the spectrum. This can be explained by, and 
was almost certainly due to, unsymmetrical spreading of the 
lines examined. Certainly neither observer found (the condi- 
tions were not such as would produce it) a true displacement 
of the lines in the sense that the term is used in this paper. 
That is, they did not find a given line, produced under certain 
conditions, differing from the same line when produced under 
other conditions in any wise except mere position in the spec- 
trum; nor do they speak of the displacement of the reversals. 

The other theory referred to, that of Willner, assumes all 
variations in the spectrum of a substance to be due to what might 
be termed external changes, such as temperature, density, and 
the like, and in no case, not even in the change from band to 
isolated line spectra, to any alteration of molecular grouping. 
Wiillner assumes the correctness of Zéllner’s equation, 

E - fcc" ( 

{ \ 
in which £& is the total amount of light of a given wave-length, 
d the thickness, 6 the density, a the coefficient of absortion of 
the luminous gas or vapor, and e¢ the power of a perfectly black 

*“Ueber den Einflus der Dichtigkeit und Temperatur auf die Spectra gliihender 
Gase.” Pogg. Ann., 142, 88. 

2“ Beobachtungen iiber die Interferenz des Lichtes bei grossen Gangunterschie- 


den.” Fogg. Ann., 150, 311. 
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body, at the same temperature as the luminous gas, to give out 
light of the given wave-length. Ifaisa function not only of 
wave-length but of temperature too, and such a function of them 
that its maximum value occurs at different places for different 
temperatures, as Wiillner assumes it to be, then clearly a line 
may be shifted by merely changing the temperature of its source. 
Besides, the shift may be in either direction and may be regular 
or irregular. In short, if ais such a function of temperature 
and of wave-length as that just described one can only say that 
a given change in temperature will produce a greater or less 
change, in one direction or the other, in the position of a line 
in the spectrum. In certain respects the conclusions of this 
theory are not supported by careful observations, and for this 
reason it is not now, if ever, well received by spectroscopists. 
In regard to the displacements of the lines it is stated by Kayser," 
in an article in which he discusses the above theory quite fully, 
that he knows of only one line, D,, of which accurate measure- 
ments have indicated a shift, and that in this case the shift is 
illusive, and due to unsymmetrical broadening. His words are: 
‘Mir ist nur ein Fall bekannt wo man nach genauen Messungen 
eine Verschiebung glaubte beobachten zu kénnen: namlich bei 
der Linie D,; aber dies ist, wie an anderer Stelle gezeigt werden 
soll, eine Tauschung: D, verbreitet sich nicht gleichm4ssig nach 
beiden Seiten, daher scheint sich die Mitte etwas zu verschieben, 
aber der hellste Theil, die eigentliche Linie bleibt genau an 
ihrer Stelle.” In another place* Kayser says that neither lines 
nor bands have ever been observed to shift. ‘‘ Eine Verschiebung 
von Linien ist selbst von den genauesten Messungen niemals 
beobachtet worden, weder beim Banden- noch beim Linienspec- 
trum.”’ 

Before the present work was begun no accurate experiments, 
so far as I can learn, had shown a true shift independent of all 
other changes of the spectral lines, nor had it been demanded by 
theory. Lommell’s theory made the shifts of the lines a conse- 

*“ Ueber den Ursprung des Banden- und Linien Spectrums.” Wied. Ann., 42, 310. 


? WINKELMANN, Handbuch der Physik, Ul, 1, p. 425. 
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quence of their unsymmetrical spreading, while Willner’s theory, 
though capable of explaining any one of several phenomena, 
is too flexible to predict shifts of lines at all definitely. It only 
states in this particular what is perfectly evident, namely, that 
by changing the conditions under which the spectrum of a sub- 
stance is produced its lines may or may not be displaced, which 
of course is really predicting nothing. 

As stated above, neither of these theories has been supported 
as to the shifts of the lines by observations. Instead then of 
regarding the wave-frequency of a line, and consequently its 
wave-length and position in the spectrum, as being one thing or 
another, owing to circumstances, practically all spectroscopists 
have considered it a constant of reference (except as modified 
by the Doppler effect), subject to no possible change. All 
observers who have given us tables of accurately determined 
wave-lengths have, at least tacitly, made this assumption, and 
upon it are based the estimates of the velocities in the line of 
sight of many of the fixed stars. The same assumption is made 
in comparing solar and stellar with terrestrial spectra for the 
purpose of determining the constituents of the Sun and stars, 
and when the coincidence of lines evidently the same was not 
exact the discrepancy was naturally referred to some cause other 
than actual change in wave-length. 

This assumption of the constancy of wave-frequency has led 
to the hope, a vain one it seems, that wave-lengths of spectral 
lines may serve as ideal units of reference—units whose values 
are absolutely the same at all times and under all circumstances. 

While the wave-frequencies of spectral lines depend, as 
shown further on in this paper, upon the physical conditions 
under which they are produced and therefore their wave-lengths 
are not ideal units of reference, still it is easy to obtain spectral 
lines, as often as desired, under conditions so similar that their wave- 
lengths are more nearly ideal length units than are those which 
we can at present obtain in any other way. Consequently the 
results of the experiments described in the following pages do 


not materially affect (though they show precautions that must 
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be taken) the value of Professor Michelson’s* most ingenious and 
careful determination of the wave-lengths of the red, green, and 
blue lines of the spark-spectrum of cadmium vapor at low pres- 
sure, in terms of the standard meter. 


OBJECT OF THE INVESTIGATION, 


The work described in this paper was suggested by Dr. Ames 
and begun for the purpose of examining minutely the effect of 
pressure on the arc spectra of various elements, and in particular 
for noting the effect if any on the wave-lengths of the lines. 
The idea of examining arc spectra under pressure occurred to 
Professor Rowland several years ago, and the apparatus used in 
the present investigation is that which he had constructed for 
this purpose. Constant work however along other lines prevented 
him from making any observations with it. 

The first accurate observations, to the best of my knowledge, that 
suggested the probability of a functional relation between the wave- 
frequencies of spectral lines and the conditions under which the 
lines are produced were made by Mr. L. E. Jewell in the physi- 
cal laboratory of the Johns Hopkins University. The suggestion 
came in part from the fact that Mr. Jewell’s numerous and care- 
ful measurements of the same lines in the arc and solar spectra 
showed a want of coincidence which varied for different elements. 
While this want of coincidence was never great, still it seemed 
too regular to admit of the apparently obvious explanation that 
it was not due to any real difference in wave-length, but to some 
disturbance of the apparatus during the exposure of the photo- 
graphic plate. Mr. Jewell had also obtained slight real or 
apparent displacements of certain lines by changing the amount 
of material in the arc. It was this chiefly that led Dr. Ames to 
suggest the present investigation. 

The only way, of course, to determine whether such a func- 
tional relation between wave-lengths of spectral lines and the 
conditions under which the spectra are produced actually exists, 


*™“ Determination experimental de la valeur du métre en longueurs d’ondes 


lumineuses.” 
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was by direct experiment, and it therefore seemed advisable to 
examine arc spectra under different conditions, especially of 
pressure and so far as possible of temperature too, since the con- 
ditions under which solar and ordinary spectra are produced may 
differ greatly in both these respects. 

Another reason for taking up this investigation was found in 
the fact that the wave-lengths of thered, blue, and green cadmium 
lines as determined by Professor Michelson for the purpose of 
accurately comparing them with the standard meter, were less in 
each case than those of the same lines as determined by Professor 
Rowland. These differences are .208 of an Angstrém unit for the 
red, .173 for the green, and .186 for the blue line. In each case 
the difference amounts to only about one part of the wave-length 
in thirty thousand, and in itself is not very surprising, since the 
methods followed by these two able men were totally different ; 
but it is rather surprising that these differences are not constant. 
Here again differences of physical conditions under which the 
spectra were produced (Michelson worked with spark spectra at 
low pressure, while Rowland used the arc at atmospheric pressure ) 
suggest a possible explanation of the want of agreement in their 
measurements. The results of numerous examinations of cad- 
mium spectra as produced under different pressures do account 
for a part, though only about 5 per cent., of the above differences, 
but fail to suggest, at least very definitely, why the differences 


should not be the same for all the lines. 


APPARATUS USED. 

The grating used in all this work was a six-inch Rowland 
concave of twenty-one and a half feet focal length and ruled with 
20,000 lines to the inch. It was mounted in the usual way, as 
fully described by Dr. Ames in the Johns Hopkins Circular of 
May 1889. The arc was produced by a direct 110-volt current 
of any amperage desired. It was found necessary to make the 
strength of the current very different for different substances and 
also for different amounts in the arc of the same substance. At 
times the current was small — only a few amperes—while occasion 
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ally, judging from the fuses blown and other effects, it was little 
if any less than one hundred. The effect of varying the strength 
of the current will be discussed further on. The poles of the 
electric arc were used vertical and parallel to the slit of the 
spectroscope. Horizontally mounted poles were also tested, 
and the results will be given in the proper place, but it did not 
appear necessary to use any other than the vertical mounting, 
which was found to be much the more convenient of the two 
tried. 

A number of photographs were taken of the spectrum given 
by an arc between one carbon and one (the lower) metallic pole, 
and a few of the spectrum formed by an arc between two metallic 
poles. The metals so used were iron, copper, brass and zinc. 
In all other cases both poles were of carbon, the lower one being 
bored axially toa depth of from one tothree inches. This cavity, 
which was about an eighth of an inch in diameter, was filled with 
the substance or substances whose spectrum was desired. Very 
often elements were used in the metallic form, but as a rule it was 
more convenient and occasionally, as in the case of sodium and 
potassium, much better to use some compound. The quantity of 
the element or compound in the arc could easily be reduced, as 
was often necessary, by mixing it with carbon dust before charg- 
ing the pole with it. In nearly all casest he pole carrying the 
charge was made the positive one. 

The pressure around the arc was obtained in every instance by 
pumping air into the apparatus designed for this work by Professor 
Rowland, as stated above, and used by Messrs. Duncan, Rowland 
and Todd* in their examination of the electric arc under pressure. 
The structure of this apparatus may be understood by aid 
of the accompanying sketch, Fig. 1, in which A is an iron 
cylinder fourteen inches high and seven inches in diameter. 
B, B are suitably constructed stuffing boxes through which 
the rods C, C pass practically air-tight. These rods are 
insulated from the smaller rods H, H which they contain, and 
which carry the carbons. WM is the negative and P the positive 


* Electrical World, 22, 1893. 
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pole as commonly used. The latter is represented partly in 
section to show the cavity S in which the substance whose 
spectrum is desired is placed. The carbon N can be raised and 
lowered by means of the rack R and pinion G, and the carbon 





ee 























P can be brought to the proper position with the nuts and screws 
D,Dand LZ, L. The light reaches the slit of the spectroscope 
by passing through the side tube 7, which is closed at Q with 
a plane quartz disk. The object in using quartz instead of glass 
is of course to avoid, as far as possible, the absorption of the 
ultra-violet light. The air is pumped in through the tube U, 
which can be opened and closed by means of the stopcock V, 
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and the pressure is given by a Bourdon gage £, reading from one 
to twenty atmospheres. 


METHOD OF PHOTOGRAPHING, 


For the purpose of accurate comparison it was necessary to 
obtain side by side photographs of the spectra of the substance 
in question as given by the arc under the two pressures used, the 
lowest of which was always that of one atmosphere. It was also 
necessary to guard, as far as possible, against any accidental 
movement of the camera or other part of the apparatus during 
the exposure and to be able to surely detect any such accidental 
disturbance should it occur, since any slight movement of the 
apparatus during, and especially between successive exposures 
on the same plate, would necessarily lead to false results. 

The first of these requirements, that is the obtaining of the 
spectra in such way that they could be accurately compared, was 
met in the same manner (and with the same apparatus) that 
Professor Rowland met a similar requirement in the comparison 
of solar and arc spectra, that is by providing the camera, which 
takes a nineteen by one and a quarter-inch plate, with a 
rotating shutter so constructed that in one position it shields 
the sides along the entire plate and leaves a narrow middle 
strip exposed, while in a certain other position it shields the 
middle strip and exposes the sides. In nearly every case the 
middle strip was exposed to the arc under pressure, after which 
the air was let out from the cylinder, the shutter adjusted and 
the sides of the plate expused to the arc at atmospheric pres- 
sure. 

The method used at first for detecting accidental disturb- 
ances was as follows: By means of an auxiliary shutter a small 
portion of the middle strip was exposed to the solar spectrum, 
all other parts of the plate being shielded, then the remainder of 
this strip to the arc under pressure, then the corresponding sides 
to the arc at atmospheric pressure, and finally the remaining por- 
tions to the solar spectrum. This process secured a short sec- 
tion of solar spectrum, the middle portion of which was exposed 
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before, and the sides after the exposures to the arc. Conse- 
quently any disturbance of the apparatus between the first and 
and last exposures was shown by breaks in the solar lines. It 
soon became evident, however, that this method, though accu- 
rate, was not necessary, since the lines of the carbon bands, some 
of which occur on nearly every plate, are never measurably dis- 
placed, and therefore serve perfectly to detect any disturbance 
of camera or other part of the apparatus during or between the 
exposures. 


METHOD OF MEASURING. 


The shifts of a few lines were determined by direct observa- 
tions with a micrometer eyepiece, but in all other cases the 
measurements were carefully made on photographs with a most 
accurate dividing engine especially constricted by Professor 
Rowland for this sort of work, and used in determining Row- 
land’s Table of Standard Wave-lengths. The dividing engine 
and the micrometer eyepiece are both constructed to read 
directly to hundredths of a millimeter, and may be estimated to 
thousandths of a millimeter. 

Most of the plates were taken in the second spectrum, where 
the dispersion is a little more than one millimeter per Angstrém 
unit, though a few were taken in the first, where the dispersion 
is one-half that of the second, and many in the third, where it is 
three halves that of the second. In all several hundred nega- 
tives were secured and the shifts determined of those lines 
whose positions were well defined by reason either of their 
sharpness or of their reversals. 

To facilitate the measuring of the shifts and at the same 
time to increase the accuracy a system of double cross-hairs was 
placed, as shown in Fig. 2, in the field of the microscope. In 
the process of measuring the microscope was kept fixed and the 
negative moved along by the micrometer screw until the cross 
awas onthe center of a given line in the middle strip, that is 
a line produced by the arc under pressure, when a reading 
was taken. The plate was then moved forward by the screw 
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until the crosses 6b were on the center of the same line as 
formed on the sides of the plate by the arc at atmospheric 
pressure, when another reading was taken, and so on for other 
lines. The plate was then reversed and the same process 
repeated. 

Let s be the shift of any line, and / the difference in readings 
that would be given by the crosses a and 66 when there is no 


\ 


FIG. 2. 


shift, and let the direct reading of the crosses 66 be X and the 
reversed d. By “direct reading” is meant that which is obtained 
when the plate is being moved so that the successive lines to 
come into the field of the microscope are of increasing wave- 
length, and by “reversed reading ’’ that obtained when the plate 
is moving so that the successive lines seen through the micro- 
scope are of decreasing wave-length. The direct reading, there- 
fore, given by a is A—/+5, and the reversed d—/=s. Evi- 
dently X+ d is a constant for all the lines on any one plate, from 
which, if the reversed readings be subtracted, remainders, “ cor- 
rected reversed,”’ will be obtained equal respectively to A and 
A+/+s. Consequently for any one line the average of the two 
readings ‘‘ direct” and ‘corrected reversed” given by the crosses 
66 is X, and that of those given by the cross a, A +s, their dif- 
ference being the shift +s. By this means the accuracy of the 
measurements is rendered quite considerable. In the case of 
extra good lines the error should not exceed from two to three 
thousandths of an Angstrom unit. 
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EXPERIMENTAL RESULTS. 


A little preliminary work was done with the arc spectra, at 
atmospheric pressure, of cadmium and a few other elements. 
The chief changes found were those of intensity and width of 
the lines, both of which increased with increase of material. <A 
large amount of material in the arc caused the reversal of many 
lines, but in every case examined the reversal coincided very 
closely if not exactly with the position of the corresponding fine 
lines as produced by a small amount of the substance. 

The element whose spectrum as formed under pressure was 
first examined was cadmium, and it was at once noticed that the 
positions of its lines were very appreciably changed by a pres- 
sure of even three or four atmospheres. Subsequently the lines of 
a large number of other substances were similarly examined, and 
in every case their positions, except those of lines of certain 
bands, were more or less changed. 

That this change in position of the lines is not due to any 
strain or movement of some portion or other of the apparatus 
may be shown in several ways, but it is easiest and also best 
shown by the fact that on the same plate lines due to different 
substances are displaced to very different extents, whereas they 
should be equally displaced if the displacement were due toa 
disturbance of the apparatus while photographing. Nor is the 
observed shift of the lines due to unsymmetrical broadening, since 
in many cases equally fine and sharp lines were obtained at high 
and normal pressures, the only important difference between the 
lines as obtained under the two conditions being that of position. 
Not only were numerous lines of this character photographed, 
but the evidence as furnished by the negatives was also checked 
and confirmed by a number of eye observations, especially on the 
cadmium lines \ 6438.680 and A 5086.001, and the sodium lines 
D,and D,. By filling the positive pole with fused potassium 
sulphate, which usually, like the specimen used, contains more or 
less sodium, it was easy at any pressure, up to ten or more 
atmospheres, to get the sodium lines D, and D,, and to retain 
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them some minutes as beautifully fine and sharply reversed lines, 
differing in no respect from the same lines as obtained at very 
different pressures except quite decidedly in position. A further 
reason for the statement that the shift is not due to unsymmet- 
rical broadening is found in the fact that the wave-lengths of all 
fine and sharp lines, and also of the reversals of heavy ones, 
increase with increase of pressure around the arc, no matter how 
the lines may spread out, symmetrically or chiefly towards either 
side. A splendid example of this is furnished by the pair of 
sodium lines A 3302.504 and A 3303.119. These lines are quite 
unsymmetrical — spreading chiefly towards the violet or more 
refrangible end of the spectrum — but their reversals are greatly 
shifted in the opposite direction. Neither is the shift due to the 
disappearance of one line and the appearance of another of 
slightly different wave-length, because the wave-length increases 
regularly and not by jumps as the pressure is increased; and, 
besides, it is not difficult to observe, while the pressure is being 
slowly let off, either a fine line or the reversal of a heavy one 
gradually change in position without alteration in width or any 
other respect. 

It has been suggested by Schuster’ that this shift of spectral 
lines is possibly due to the “ proximity of molecules vibrating in 
equal periods.” If this supposition is correct, then, of course, 
the shifts of the lines should be greater at any given pressure, as 
Schuster says, the greater the amount of material used that pro- 
duces them. However, many experiments both before and since 
the appearance of Schuster’s paper show that this is not the case. 
Among the substances that have been most fully tested in this 
respect are iron, titanium, copper, and zinc. The carbons used, 
though reasonably pure, contained a considerable number of 
impurities in sufficient amounts to give some of their strongest 
lines, and among these substances were iron, titanium, and cop- 
per, each of which gave some very fine but quite measurable 
lines. The amounts of these substances were then gradually 
increased until they were as great as possible. In the case of 

* Ap. J., April 1896. 
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iron, copper, and zinc, solid rods of the metals were finally used, 
but in every instance the shift of a given line of any substance 
remained constant for any definite pressure, showing that it 
depends upon the absolute pressure and not upon the partial 
pressure of the gas or vapor producing the line in question. 

More recently it has been suggested by Fitzgerald’ that a 
“vera causa for some shift towards the red in molecules causing 
light” is the increase of the specific inductive capacity, due to 
increase of density, of the gas surrounding the arc. This sugges- 
tion is based, of course, upon the assumption, possibly a correct 
one, that ‘electric forces are at least a part of the forces affect- 
ing the periods of vibration.’”’ The correctness of this suggestion 
has not been submitted to actual experimental tests, nor does it 
seem very easy to do so, at least not directly, since the differ- 
ences in the specific inductive capacities of gases are not suff- 
cient to produce changes in the shifts greater than the errors of 
observation, even if the shifts are due entirely to the cause sug- 
gested. No matter what theory or suggestion is advanced, it 
must be remembered that it is imperfect if it does not account in 
some way for the important fact that at least many elements 
produce two or more groups of lines, differing greatly from each 
other in the magnitude of their shifts. 

If, as many believe, the temperature of the electric arc is 
that of boiling carbon it would seem natural to suppose that it 
would rise with increase of pressure. Very little seems to have 
been done to test this point, but a number of experiments as 
conducted by Wilson,’ and later by Wilson and Fitzgerald? have 
given conflicting results. However, whether pressure causes an 
increase or a decrease of temperature, in either case the shifts of 
the spectral lines may conceivably be due to a change in tem- 
perature rather than pressure, and experiments were undertaken 
to clear up this point. In accordance with Wilson and Gray’s‘ 
work, which indicates that the temperature of the negative pole 
is much less than that of the positive, a long arc, due to a fairly 

* Ap. ]., March 1897. 3 Ap. J., February, 1897. 

2 Proc. R. Soc., May 30, 1895. 4 Proc. R. Soc., November 24, 1894. 
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heavy current, was formed at right angles to the slit of the 
spectroscope, and one part of a photographic plate exposed to 
the spectrum due to the arc close to the positive and the other 
part to the spectrum as formed by the arc near the negative 
pole. No change, however, was detected in the position of the 
lines. Another method of testing the same point was to vary 
between wide limits the strength of current used, since the tem- 
perature, according to Moissan,’ probably rises with increase of 
current. The extreme currents used were two amperes and 180 
amperes respectively, but the positions of the lines appeared to 
remain absolutely unchanged. Further tests were made on the 
sodium line D, (one of the most sensitive of a]l lines exam- 
ined) as produced first in the Bunsen flame and then in the 
electric arc ; but while the temperatures of the vapor in the two 
cases were probably widely different the position of the line 
remained the same, as nearly as could be determined. Again one 
would certainly expect the outer envelope of an electric arc to be 
much cooler than the core, but the position of a reversal given by 
the former is exactly the same as that of a fine sharp line produced 
by the latter. The expression, ‘‘temperature of the are or 
flame,” is used with hesitation, since so little is known of the 
mean condition of the molecules producing light, but the nega- 
tive results of all the above experiments give every assurance 
that the shifts of the lines are not ordinary temperature effects. 
It should be stated, however, that the luminous intensity of the 
arc greatly increased, especially where metallic poles were used, 
with increase of pressure. . 

The numerous negatives obtained, as well as the eye obser- 
vations made, show that the general effect of pressure is to 
broaden the lines and to bring out their reversals. However, 
this is not always the case, since lines often appear quite as fine 
and sharp at one pressure as at another; and in all probability 
the broadening of the lines is due, chiefly at least, to an increase 
of density of the gas producing them, since it is always greater 
the greater the amount of the substance used in the arc. This 


* Annals de Chimie et de Physique, October 1896, p. 231. 
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idea is also in accord with Schuster’s' observation that when 
gases are mixed in different proportions the lines of any one 
become sharper when it is present in smaller quantity, though 
the total pressure may remain the same. 

The lines of the cyanogen bands came out more strongly on 
my plates under pressure (the pressure being due to atmos- 
pheric air), but never showed much if any shift, which fact fur- 
nished conclusive evidence that the shifts of other lines were 
due to real changes in wave-frequencies and not to some dis- 
turbance of the apparatus, since they were all photographed 
simultaneously on the same plate, the lines of the cyanogen 
bands never being appreciably displaced while other lines were. 

The shift or displacement of any line is directly proportional 
to the excess of pressure above one atmosphere (the position of 
the line as formed at atmospheric pressure being taken as its 
normal or zero position) and is always towards the less refrangi- 
ble or red end of the spectrum. The same law has been shown 
by Mohler’ to hold for pressures below one atmosphere-—-the 
shift in this case being to the violet. The shift is very different 
for the lines of different elements, and also, in many cases at 
least, for different groups of lines of the same element. In par- 
ticular the shifts of the several series of lines (as given by the 
alkalies), principal and subordinate, are by no means equal, even 
when the lines are of approximately the same wave-length, as 
shown by the tabulated results in Table I. Lines of the second 
subordinate series seem to shift about twice as much as those of 
the first, which in turn are displaced to an extent approximately 
twice that of the lines of the principal series. A few iron lines, 
each of which is more hazy or softer than the average line of 
this element, are shifted about three times as much as other lines 
of the same substance. Again, all the nebulous o1 hazy copper 
lines examined shift to approximately the same extent (allow- 
ance being made for wave-length) but much more than do other 
lines of the same element. It is worth noting that these neb- 
ulous lines of copper were best obtained when both poles of the 


"Ency. Brit., “ Spectroscopy.” 24p. J., October 1896. 
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arc were metallic rods, brass and copper or both copper, and that 
apparently the only effect of pressure on them was to greatly 
increase their wave-lengths. In this connection mention must be 
made of the calcium line g, which is shifted about twice as much 
as the similar calcium lines H and K. The same thing is also 
true of the three corresponding lines of strontium and of barium. 

Similar lines of any given element, that is, lines belonging to 
the same series, or to no series but of the same character, shift 
to extents proportional to their wave-lengths. The most con- 
clusive evidence of this proportionality was furnished by lines of 
different orders of spectra that appeared on the same plate. 
Thus ultra-violet lines of the third order were often found 
on the same plate with similar lines of the second of longer 
wave-length but due to the same element, and their measured 
shifts were approximately the same. Since the wave-length of a 
line of the third order is to that of one of the second that occurs 
at the same place as two to three, while the dispersion in the 
third order is to that in the second as three to two, it follows that 
constancy of measured shifts means that it is proportional to 
wave-length. For the sake, therefore, of comparison it seemed 
advisable to reduce the shifts of all lines to what they would be at 
some definite wave-length ; the one chosen being 4000 Angstrém 
units, since most of the work was done in that neighborhood. 

It should be stated that in some cases the values obtained 
for the shifts of the lines may have been due in a measure to 
unsymmetrical broadening; but this has certainly not led to 
much error, since as already stated, only those lines were used 
which could be fairly accurately measured, that is, those which 
were either comparatively narrow or else reversed. 


DESCRIPTION OF TABLE I. 


The results of the numerous measurements are given in Table 
I,in which the uppper numbers in the line of each wave-length 
are the observed shifts in thousandths of an Angstrém unit, and 
the lower their values reduced to wave-length 4000. In many 
cases the observed shift, as given, is the average of fairly con- 
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cordant measurements of the same line on different plates. The 
different pressures used are given in atmospheres at the heads of 
the columns, and are greater by unity (since the lower pressure 
of each experiment was always one atmosphere) than the differ- 
ence in pressure, /—/,, to which the shift was actually due. 

In most cases the wave-lengths are taken either from Pro- 
fessor Rowland’s Table of Solar Spectrum Wave-lengths, in 
process of publication in the ASTROPHYSICAL JOURNAL, or from a 
former table of his published in Astronomy and Astro-Physics." 
Some are taken from the papers of Kayser and Runge, and a 
few from other sources, but it was found necessary, for the want 
of suitable tables, to determine a number of them by compari- , 
son with known lines in their neighborhood, and since exact 
wave-lengths are not essential to this work, only such approxi- 
mations of them are given as will serve to surely identify the 
lines in question. 

TABLE L. 


Showing the pressure in atmospheres and the observed result- 
ing shifts (AX) in thousandths of an Angstrom unit, and the same 
reduced to wave length 4000. 


ALUMINIUM. 


AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
A 


4% 4% 6 7 7%4 ) 104 10% 11% 12% 14 


3082.27 . 50 50 


wn 
ty 
+ 
°o 


3092.84 


3944.114.. 17 29 15 50 49 69 


w 
~I 
ws 
fo.) 
+ 
J 
+ 
pany 
an 
zx 
a 
s 


3961.674.. 17 25 += 26 


Average. 17 21 28 46 36 50 15 43 54 51 73 
NotTE.—Several lines of the aluminium oxide band, 4842-5041, were measured on two 
plates which were taken at different pressures. The shift, if anything, was very small. 


"A. and A., 12, 1893. ‘7 
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Group A. 


Average .. 


4554-2I1.... 
19 34.237... 
Group B. 


Average . 


3910.04 


6720.03... 
Group C. 


Average .... 


TABLE I.—Continued. 
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AA observed and 
Pressure in atmospheres, followed by SA reduced to A 4000 


AA observed and 
Pressure in atmospheres, followed by ASA reduced to A 4000 
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TABLE I.—Continued. 


ARSENIC. ; 
AA observed and 
Wave-length | Pressure in atmospheres, followed by AA reduced to A 4000 
d ee 
844 9 10 
20 
DE ve eretaktcse Seed OrER 29 
22 | 
I Suis ede ats iv kena we eles 32 
20 
ee 28 
20 18 
2898.83 28 25 
? 
20 18 21 
CTE Ee 28 25 30 
BERYLLIUM (GLUCINUM ). 
AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
A 
alZ 
‘A 
II 
nS exiraeaa <i sia whe ee ewe 14 
I9 
3321.3 e 24 
19 | 
3321.5.. eae oie aeeied 24 | 
16 | 
ne er er 21 | 
9 
BORON. 
AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
A 
= QI 9 9% 
19 23 23 25 
2496.867 30 37 37 40 
18 18 22 
2) ee : ‘ 30 30 35 
19 2! 23 25 
OE er ne eee eee 30 34 36 40 
y 
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TABLE I.—Continued. 
































j BISMUTH. 
| ‘ AA observed and 
Wave-length | Pressure in atmospheres, followed by AA reduced to A 4000 
A = l : 
| 10 13% 
EE SS ee, es 
| | 
26 | 
2898.08.... | | 35 
| 
34 | 
| ene 45 | 
| 48 
3397.31 | 57 
| 30 48 | 
, ; 
Pes ery Tres T 40 57 
CAESIUM. 
; AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
mn = ’ 
6 7 
- = ie —|———_|— a 
138| 123 
GREER o68000 + ce0nbe te eannen 121 | see 
95) 78 
CONES s 6064486 00s 640s ebanEe $2 | 68 | 
| | 
117| 101 | 
RODE 6 Si c2Ghin i cthe wenden }102 | 88 
b J 
CARBON. 
AA observed and 
Wave-length Pressure in atmospheres, followed by 4A reduced to A 4000 
| } 8 8% | u | 9% 10 | 
cadena s 
| 24| 20 24 23 26 
SAVE REL ccs ccinceecewedara soe | | 38 | 32 | 38 38 42 
eee wail oe nee eee oe. 
Notre.—A number of “cyanogen” lines were measured at various pressures, and 
q found to shift very little, if at all. 








192 


TABLE I. 


Continued. 


CADMIUM. 


Wave-length 
A 


3610.66. 
No series. 
i and bin ta eae Ee ee 


EE eee eee ee 


AA==80.|! 
eS a vasiy eda ve alas cele 
EN al 3-50 a acces wneud acura 
I ro hd chon p's ae io 9s 
First subordinate series. 

ire ces. Swine demic rele ae 
40 
3081.03 53 

| 48 
EAT AP Sr ee 60 
3252.63 
EN as ak pains oblesid eee cass 
ei edi kgs ede eaw es 
§086.078..... 42 
Second subordinate series. 

47 
NE 6 Soret da eanodawee 52 


*Mean of several 


ent pressures. 


_,| Reduce/d to A 4 


| 
7% 8 
is 
joo anc 
31 
38 
4 
36 
59 6 
| 50 
| 
45 | 5 
43 43 


concordant eye observations by 
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SA observed and 


Pressure in atmospheres, followed by AA reduced to A 4000 


9% 10 | 10% 
18 
»” 
20 | 25 
23 28 
| 
} 20 
77 
oe | 
Ig | 20 | 25 
23 22 | 28 


1 |for a pre/ssuse of |12 atmos|pheres 


~ 


60 

80 
. 

165 
54 

47 
45 

40 
67 

54 
50 

57 


different 


29 25 
34 30 

27 Is 20 
31 21 23 

16 19 
18 21 

24 19 23 
28 21 27 

47 sé 
57 69 

79 
68 

70O 
58 

"0 S82 

‘ 
50 60 

67 56 S2 
60 690 66 


persons and at differ 














CALCIUM. 





AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 


Wave-length 


























N . 7 ieee "sae hea ts 
3 4% 5 6 7 8 9 10 10% | Ir 1244 14% 
waitin - f Pe ml 
25| 24 28 
K 3933-825 |ag jag [28 | 
22 26 33 
H 3968.625 | 22 | 26 33 
13 18 29 | 31 30 | 
4283.169 12 17 27 29 28 
16 | 17 | 20 | 35 40 | 
4289.525 | 15 16 19 | 33 38 
8 17} 13 22 | 35| 34] 
4299.149 |8 16 | 12 20 | 33 | 32 
12 27 31 30 | 
4302.692 | II 25 | | 28 | 27 
| 27 | 30 | 
4307-91 25 | | 29 
| 27 | 24 30 
4318.80 25 (22 27 
Group A 
8 15 | 17 | 25 24 24 30 33 | 
Average 18 14 | 16 | | 23 | | 22 24 28 31 
| } 42 47 
3158.98 53 60 
| 37 
3179-45 | 47 | 
42 | 48] 51 56| 87 
g 4226.904 40 145 48 | 53 | 82 
81) 
4435-13' | 74 
80 | 
4454.97 * 73 
66 6S 70} 
§588.985 47 49 50 
| 66 So | 72 
5594.691 | 47 57 } | 52 
| |! 5? os 
5598.711 49 55 | 47 
| 56 | 
§603.053 40 | 
| 
Group B 
| 67) 44] 67 48 69/ 56 87 
Average 48 45 55 45 57 | 53 | 82 
| 
| 84 | 
4425.61 76 
88 
4435.86 80 
79 
4456.08 | 71 
Ist subor 
dinate ser. 
84 
Average | 7° 
| 
267 | 2117 27166 7203 
6102.99 44 77 109 133 
253 282 2140 2215 
6122.46 35 53 gI 141 
284 2148 2214 
6162.46 55 96 139 
2d subor- 
dinate ser. 
60 84 100 153 176 | es 
Average | 40 55 65 100 | 115 | 140 
‘(Occurs with lines of Ist subordinate series, and shifts to the same extent. 2 Eve observations. 
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CERIUM. 





AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 
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TABLE 1.—Continued. 
CHROMIUM. 
: AA observed and 
Wave-length| Pressure in atmospheres, followed by AA reduced to A 4000 
A —— —— — 
| | 
4% 6 7 | 9% | 10 | 10% 11 11% 124% | 12% 14 14% 
| | | | 
- er ences re ame a ee eg 
4 | 26) 36 
3886.932..' 4 | | 27. | 7 7 
16 | 20) 12 29) 
3919.309.. 116 | | 20 | 12 |30 | 
7 | ws 32) 
3941.637..| 7 | ! 34 sf 
7; 12| 16) 25) 23] 27; | 36} 47 
3963.831..| 7 j12 16 25 C 23 27 36 47 | 
14! 12 12 | 28) 38) 
3976.839..|14 {12 12 28 38 
12 | 34] 49 
3984.059..|/12 | 134 | 49 
| 19 | 
4026.318...| 19 | 
3 9 19 26 26 30 
4254.505..| 3 9 18 |24 24 28 
| 17 | 
4266.894.. | 16 
; — oe 31 | 24 ; 40! 31 
4274.958..|13  |10 a9 | \22 138 |29 
| 30) 23) | 
4280.556.. 28 [22 
| | er | 41 
4289.885.. | 32 | 44 
o| 14| 16/ 25| 17] 231 20] 23 24, 24 38) 31 
Average! 9 13 15 25 16 23 |28 |22 22 24 137 29 


Wave- length 
Aa 





AA observed and 
Pressure in atmospheres, followed by SA reduced to A 4000 


8% 9% | 
27 

a re Pe 28 
13 
, Sy Re ae ean et et fo 113 
22 | 24 | 
ee rer eure e re, 22 | 24 
30 32 

4079.9... 29 31 
26 24 

AVORTHE .... cccceevccscasess 26 24 
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TABLE I.—Continued. 


COPPER. 


AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 


Wave-length 
A 
7 8 124 1244 13 134 
8 7 
288 3.03 i - II 10 
II 
3010.92 15 
9 
RN autaretachs ora eh aoe eave 12 
7 
307 3.89 10 | 
13 
EES Se eee ae 17 
25 28 28 
3247.680 30 33 33 
20 32 30 30 
a 5 ere 25 35 36 41 
13 
ys os Cage ea ke eee ss 16 
I] I] 
3337-095 +. 13 13 
8 14 
ET 10 16 
12 17 
Ned ak OG oi iind Rab g eae 14 19 
16 
Ce Sd nwsanes ed 18 
12 19 
3524.31 14 21 
13 
7S 15 
17 
RS al eee eT yee 19 
15 17 | 
3599.20 ea 17 19 | 
Ic 
3621.33 11 
1¢ 
3636.01 Is 
13 
DIN Bhd nic Cares edviawe eaeees 15 
20 
OO | a eee ee 16 
Lines of small shift. Several 
others of this set were meas- 
ured 
12 15 23 30 30 32 
EE, Since penne Vaswew e's 14 16 28 36 36 37 
27 28 
Ns vs din Sak ede cada 32 33 
24 
IS oi acne aie tie cob a, wisieie was 28 
30 











A 
7 8 
35 
ee eer 38 
35 
3860.64.... 37 
43 
8 SP eee are eee 33 
Lines of medium shift 
31 | 36 
Average 35 | 33 
8? | 
“be SF ree ick'b ah oene 83 
57 
4249.21 54 
64 | 
4275.32 60 
81 | 
err rie See 74 
80 
4415.79. 73 
74 
4587.19 04 
68 
eS oo ioe Soe ae eas 52 
Lines of large shift. Several 
others belong to this set. 
Most of these lines are “ soft” 
and broad 
74 68 
RPGS. siveewrseancsegues 68 52 
27 
DEER Ds Jews eanea Wir ete 6 wed 2I 
30 
SME ia cinncansin staan 23 
First subordinate series 
29 
Average ...... 22 
50 | 
Ee eee ee 14 
53 
te 46 
| 
Second subordinate series 
52 


Average 
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TABLE 1.—Continued. 


COPPER—Continued. 


Wave-length 
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12% 
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AA observed and 


| 
| 
| 
| 
| 
| 
| 


13 


Pressure in atmospheres, followed by 4A reduced to A 4000 
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TABLE 1.—Continued. 
COBALT. 
| AA observed and 
Weve-lennth Pressure in atmospheres, followed by AA reduced to A 4000 
A 
9™% 11% 121% 14% 
19 33 
Ee er ee 23 39 
18 
IM ace cS ys as cee Ree caaws 22 
20 22 
Ee ee 24 26 
17 
EGRET Se ee 20 
14 23 
RI 6.5. rvaut @aldarg Wher ad «66's 16 27 ’ 
23 29 
Ns pba yi.sae, O44 0 or esee ore 27 34 
18 
MN i Sina la halon a 'e-4p ole 21 
20 
ee 19 
16 20 20 27 
Average ..... pae ae emaheaa 19 19 24 32 
ERBIUM. 
AA observed and 
Wive-lenath Pressure in atmospheres, followed by AA reduced to A 4000 
A 
30 
is tacace a hates ot aos ow Darakion 30 
4 
GERMANIUM. 
AA observed and 
or Pressure in atmospheres, followed by AA reduced to A 40 
A 
7 © 9 
22 24 
NE ois: ae As iaig gh a lv oa ies 29 31 
24 22 
ee eee 29 27 
30 
42206.724 28 \ 
30 23 23 
BE cic taceens soiew Cees 28 29 29 
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TABLE I.—Continued. 


GOLD. 


199 

















AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 








Wave-length 
A —— — - 
7 10 10% 
- — —_ eS | — —_ | 
20 
MER e kc seicrkosatn et eeral | 26 | 
|. 4. = | 
3898.04. 41 
| 25 
WE i ii ns Kee RON AEW EO 26 
20 25 
BES Coa cceeeey meus akunc ot 20 25 
34 34} 
CS eee ee Te 33 | 33 | 
27 | 30 | 26 
IIE soca. iri enen 27 | 29 29 | 
INDIUM. 
| AA observed and 
Wave-length | Pressure in atmospheres, followed by AA reduced to A 4000 
A ooo 
7 9% | x0 1044 11% 124% | 14% 
_ — 
} 19 23) | 
Sp ae ae RR Ae 23 a | 
No series 
| 36 37 | 
Sas ok cannes aes 44 45 | 
Ist subordinate series 
43 | or ah | 
DUES 6. annk nonecuns oe 60 ; 
69 
BOO Ee ic cca dete ene eee | 68 
73 83 | 81 | 102| 125 
ee ee eae 65 74 |72 ; 90 III 
2d subordinate series | 
| | | 
| 
| 43 73/83] 81 | 69 102} 125 
RUGIEED § 60k i x60 teerues | 60 65 74 72 68 go II! 











IRON. 


; AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 








Wave-length 
A 
4% 6 7 | 9 10 11 rr | 114g | 12% | 12% | 12% 13 14 14% 
29 
3997°547 --- | 29 
15 23 32 
4005.405 ... 15 23 32 
18 
4009.864... 18 | 
8 9 20] 
4045.975...|8 9 20 
23) 
4063.759 23 
20 
4181.919 . 25 
25 
4199.207 ... 24 | 
18 
4207.291... 17 | 
18 
4219.5160... 17 
8 17 26 
4236.112... 8 16 | 25 
II 26 31 35 25 34 
4250.945 II 25 29 33—«|24C«Y| 32 
8 13 14 25 28 20 28 23 26 30 30 
4271.934.../8 12 13 23 26 19 26 22 24 28 28 
25 
4294.301 23 
26 
4298.195... 24 
” 32] 35 34 
4325.939 24 30 32 31 
21 
4377-948 ... 19 
24 26 27 35 31 
4382.928 . 22 24 25 32 28 
28 
4383.720... 26 
23 
4404.927.. 2! 
Many other 
lines belong 
to this group 
8 Il 14 23 29 25 23 27 29 28 35 32 31 
Average 8 Il 14 22 27 24 21 25 2s 26 32 30 28 
70 
4222.382 66 
77 
4227.606 73 
79 
4233-772 75 
20 59) 60 79 
4236.112 25 |56 157 75 
57, 95, 84 81 78 86| 
4250.287 .. 54 90 SO 77 74 SI 
47 72 66 69 74 86 
4260.647 . 15 68 63 (65 70 SI 
59 98 74 82 34 
4271.934 . 56 g2 70 77 79 | 
47} 81 71) 77 77 86 
Average. . 15S 176 (68 '73 73 SI 


Nore. 


Other lines, among them 5569.77, 5573.05, and 5586.92, belong to this group. 
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TABLE 1.—Continued. 


























LANTHANUM. 
i AA observed and 
Wove-length Pressure in atmospheres, followed by AA reduced to A 4000 
A 
8 9 | 
sate Peas ee 
ces, oe | 
21 | 
SE i 6 nn <asecnmaeesenl 21 
| 13] 32 | 
5 dx dee 36 de eae ae 13 33 
26 24 | 
SL MT TTT eT eT ee 26 24 
21 35 
SN 554 cod 58 che eb Karen 21 35 | } 
7 14 | | 
III 5585 <b cones ea 7 14 | 
| * | 
4043.054..... ‘| 29 | 
| 17 
ee ro eae | 17 
21 | 
IR o isca kes x dle cn oe. Gane Bo 21 
| 19} 25 | 
IN Si 5 ane se etieG es 19 25 
LEAD. 
A 
‘ Wave-length Pressure in atmospheres, followed by AA poe ey =. 
A 
9 11 1% 13% 
| 63 
EEE rT Tee ree ere 70 | 
| | ' 7° | 
SN 3654s eae Seat whe | | 76 | 
49| 55|  49| 
ee ere re eT 48 54 48 | 
49 55| 49 67 | 
Pa 6 acs. Sede tes<suw es 48 54 | 48 73 | 
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LITHIUM. 





AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 


























Wave-length | 
A —_ — — = 
| | 
|} 7) 3 | 4 | 4% 5 | 5% | 6% | 7 8 9 9% 10 10% 
—| — ——|—— |———- |— - | 
| | | 
18) 24) *30) | *66 152 ‘130 
C7062 2005 11 j14 #|18 | 40 | 31 78 
| 53 
3232.77 ....| | | 66 74 | 
Principal se- | 
ries | 
38) *37 *56 | "77 *I16) "177 
6103.77 «26. 25) (24 | |37 |50 76 116 | 
Ist subordi- 
nate series | 
222 
| | 
49072.E 1.004. [181 
2d subordi- | 
nate series | 
| 
* Eye observation. 
MANGANESE. 
| , AA observed and 
Wevelugth | Pressure in atmospheres, followed by AA reduced to A 4000 
r es sa : " 
: | | 
4% . ft ¥ 10% | «wW | 11\& 14 12% | 1%] 1% 
| x a 
| 13 12 32 27 37 
4018.269...| 13 12 32 27 37 
8 17 | 
4026.583...|8 | 17 | 
| | | | } 19 33} 34 
4030.947-..| | | | 19 33 34 
| 8 | 18 13 26 | 32 
4035.883.../8 18 | 13 | 26 32 ’ 
| } | 20 | 
4061.881...| | 20 
10 | 22 
4235.298...| 10 | 21 
8 | | 18 27 37 32 36 
4235.450...|8 17 25 34 29 33 
| 13] 21) 31 48 47 
4239.890...| 12 | 20 29 45 44 
1} «| at] 22 25 39 | 47 47 
4257.815 13 | 20 21 23 36 43 43 
14 | 20 | 22 38 40 41 40 46 
4266.081...| 13 19 | 21 35 37 38 37 43 
10 | 21 37 43 39 41 38 44 
4281.257...19 | 20 34 40 | 36 38 35 4I 
I2 | 
| | 
4284.223...| 11 ' 
! | | | 
II | 19 19 32 34 | 20 37 40 35 40 
Average .| 10 | 18 18 30 32 20 34 38 33 38 
| 
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Wave-length 
A 
7% 

SOORGE 60s. veceeawsen ashe es 
SOs hid denies tankaseunenine 

12 
*2852.239.... 17 
No series 

12 

OUND 6:86.54 40 64) 08m esueen 17 


3829.501 


ee ee ee ee 


Aa cb d+ boas aeenscwe sens 


SG tcee sodas seee Bees & _— 
Ist subordinate series 


5172. 
CUE ir id ctnenees 
2d subordinate series 


Average.... 








AA observed and 


Pressure in atmospheres, followed by AA reduced to A 4000 





13 





16 


33 
30 


40 





34) 
31 


66 | 


62 


47 | 


#7 


| 
| 


32 


32 


29 


32 


23 


30 


30 











29 
37 


29 
37 





* This line, much the strongest in the spectrum of magnesium, is nearly coinci- 


dent with, and consequently almost always obscures a much weaker line of the first 


subordinate series. 


MERCURY. 





Wave-length 
A 








AA observed and 





Pressure in atmospheres, followed by AA reduced to A 4000 
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TABLE I.—Continued. 


MOLYBDENUM. 


AA observed and 
Pressure in atmospheres, followed by ASA reduced to A 4000 


Wave-length 
a 
oo) 11h 
| 31 
pb eer ee eee | 40 
} 27 
| See | 34 
28 | 32 
Ris a biG bas aedyihas o2-00 33 40 
18 33 
On eo a ee 22 41 
23 31 
PR cuseeweds 45% 055000 28 39 
NICKEL, 
| AA observed and 
Wave-length | Pressure’in atmospheres, followed by AA reduced to A 4000 
A 
9” 12% | 14% 
14 
ne eee eer 17 
19 
EC a | 23 
19 
ES SCP eee pret 23 
20 34 
I 55 aviolp ae olde Viloeie Sows 23 39 
27 29 
a alo CUP eee 445-0159. 6 o6:5 31 33 
| 16 23 
ots itanaras 3.6 5 Sale as 18 25 
24 35 
ES OP eee 27 40 
34 41 
NIN: sy ifd1t od bs erp odie cis's 38 45 
30 
I Sse: ic0 oot eG deee ok Saas 35 
24 
EEE rarer es 18 
20 24 35 
PR oh es ke eden sg ceeer ees 20 26 39 
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TABLE I.—Continued. 






































NEODYMIUM. 
; AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
A a 
18 | 
MNEs i640 4c cee ee err | 17 | 
7 
eer rr errr err 9 
re 
S| ER EE 16 
7 
GFOBA7 0 coc cocccces sees sos cove 17 | 
| I2| 
GRE fo velsk aw dae cg eee wee | 11 
|. 3 
GEESE cc s:s8 jd vente ae. oe 15 
| | a1] 
CN oo cass 600 cee eeu eae | 10 
QR 56 0800885 coke sacs 15 
| 
Babak: cose deal yeersnad ake 114 
| 14 
GOS Sos i ccna or eke eae 13 
6 
pT Se ee oe ee ee 5 
And many others 
10 | 
DRI is vicig. Se64n5s este 9 
OSMIUM. 
; 
AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
a at a 
12% 13 
17 
Me bs o5 a5 Chases saree 16 
20 18 
es eae eear ee 18 16 
20 18 | 
EE ee ee set 18 16 | 
i saad tel i _ 
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PALLADIUM. 


AA observed and 





| 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
A | ms —? oe P , = ~ 
| 12 13% 
| 9 
| Pe) 


31 

iia irae f'e-inss His-<:5'4°0 Sse sus | | 36 
| 31 

ee Ee eee ee 36 
18 | 27 

I has rahe whoa aie Ain big 604 oc | 21 31 
| 21 25 

NS cian e wis aad og eeses | 24 29 
19 30 


EO Pee ee er ree | 22 34 
3609.696..... | 

Pe ee ere 
iy pci awe ae,s'sto0 vies 19 31 


19 33 


* 
- 
< 
@ 
= 
» 

TQ 
ta) 

tN 
te 

+ 
x 


PLATINUM. 


AA observed and 
Pressure in atmospheres, followed by A reduced to A 4000 


Wave-length 
a 
12% 12% 13 14% 
10 
NN ie ives iicigis'c pin tw wkd © KuO'S 22 
14 
EA nid seas oi 6 o Swkre o's 9 20 
12 
SR ia. Ales an ea ChiGiieeae ay 17 
12 17 
Eee ree ee secre 16 24 
15 17 18 13 
ES ee a ae 20 23 25 18 
18 23 
ar ay is aN ais eae GL 25 31 
10 
I core carers a ek Se orale sis 21 
25 31 
CI ri en tce wae od bebe es 23 28 
20 IS 18 18 


CE cktstnewcernedede.s 21 20 23 24 
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TABLE I.—Continued. 


POTASSIUM. 





Wave-length 


MGR DOE ck psn tes ane se aves 


Pe eee eee te 


Principal series... ........s00+++ 


AVON 66s 365s calc ened eee 


AA observed and 
Pressure in atmospheres, followed by 4A reduced to A 4000 








| Pe . 
Bin) | 
| 76 93 
75 g2 
88 106 
87 /105 | 
82 99 
81 98 

















RHODIUM. 





SS cic v5 8s 5n4 6 ve 66 ooh een 
CM ign nbecksnkeweee 
ES i kb ieeesneabeds 


SN bas cae cet edanesee seas 


CIE ian niki rash ecdawusa en 
Cee ee eee 
(Li 2 See 
FOZO. FER co cccvecvvccsveccsecers 
sys cv eae es enemeten 
ee reer re 


SR sco Gace eee $sGhedhae 


AA observed and 
Pressure in atmospheres, followed by 4A reduced to A 4000 





| 12 | 12% 12% 13 14% 
| 





7 | 


























to 
> 
te 
x 
w 
pes 
> 
N 
os) 
> 
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TABLE I.—Continued. 


RUBIDIUM. 








AA observed and 











Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
A l i; 
eer 4 
Yea, aes - = 
73 123 | 
a oc gh ie arrmie eee Sibe <8 | 70 117 
31. @ | 
RNNS  < detunrctra kw oeleuee ado | 71 184 | 
‘ | | 
74 | 106 | | 
eee Pee 71 }1or | 
RUTHENIUM. 


AA observed and 





Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
. é 
12 
29 
| ee eee 34 
| 26 
B499-O9S 2 occ ccccscececccscvcce| | 30 
21 
EE eer eae erat ee | 23 
|. 27 
ee a ee | 30 
32 
aed ie ines peer aw dae 36 
20 
I ei cksb Aka sae e saps 22 
25 
RE a es ee en 28 
33 
RR he disc caoichinonie ae cies 36 
17 
EE Pea care eee 19 
23 
Nie .as2 hats ok a ermaratard » 6% 25 
20 
NS Hac Gis « owe sae ek 6 22 
25 
I oer ccna ais die ererae wniskaie's 27 
21 
INS 75 te osdls oe hae Honea 23 
33 
I Sai esd cdene ane cae 36 
25 
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TABLE I.—Continued. 
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SCANDIUM. 
AA observed and 
Wave-length P in atmosp , followed by AA reduced to A 4000 
A 
hme | | 
atin —— | = SSS eee —_—_—___ 
| 22 | 
WE io Fe ckwdhvawed £440 eee 21 | 
30 
4314.3 28 | 
} 26 i 
4320.9 | 24 
| 26 
OTT ee Pee 24 
SILICON. 
AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
A rl a 7. 0%  ., aoe 
84 | 9 | 9% | 10 | 11 i1% | 12 
| i— es a EN 
13 
Dis et eek s oka ee b 5s wee 21 
12 
SE 56 2 caiieKnlnaen we dae 19 
18 
WII s 6's. eG neva: wana 28 
13 
SS 6s oct ada ees cenccceun 21 
22 
SUES 6s «x hawikc taehawnaneet 34 
| 20 21 25 | 31 
SS ee Ae Pr eer ee | 28 | 29 35 40 
31) 44 40 39 
SD i ns 00a hae +h dene 32 45 ys 40 
| 
| | 
16 | 21 31} 25 38 | 40 39 
Average ......... 25 29 32 35 40 
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TABLE 1.—Continued. 


SILVER. 


AA observed and 


Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
d ————— ’ ne 
| 8 o™M% 12% 13 
- | = = anions 
29 28 32 
NN etd iad sin & dae oo ne 34 33 30 
| 34| 27! 32 
arg. go irdlaeckebia ya aiskntt | 40 32 38 
29 | 31 30 32 
SN ct. N ee Ma Wel woes | 34 | 37 36 38 


SODIUM. 


AA observed and 
| Pressure in atmospheres, followed by AA reduced to A 4000 


A —————————— 
3 3% 6% | 7 7% 8 8% 9 104 
| 
| 47 07 
SING GOE «0s c0c 8 57 81 
OI 57 
pee 74 70 
* 30 69 62 94) *121 
D, 5890.182...... 20 47 | 42 62 82 
' 5 63) 738 122; *116 
D, 5896.154...... 17 43 | 53 83 79 
Principal series... 
| 30 25 66 70 54 62 108 119 
Average .......| 20 17 45 48 66 | 76 73 81 
314| 400 420 
| er ; | 221 280 300 
‘100| '130 368 | * 345 160 
| re 79 gI 259 242 323 
2d__ subordinate 
UN aye sa 5s 
100 130 341 373 443 
Average ....... 70 91 240 261 312 


‘Eye observation. 
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TABLE 1.—Continued. 


STRONTIUM. 





AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 


























Wave-length 
A ae 
844 10 | 10% II 1% 12 
| 
26 39 
MIIGTIEEs csi cvassatcsackagnens 26 38 
28 | | 34 34 45 
P| rae ee gr 27 | 32 32 43 
42 37 
, RII, soc Sen pean eas ae ewe 36 31 
42 35 
SO ee en re eee 35 29 
23 29 | 
MES is i hae hordsense owe 19 24 Cid 
50 48 
BPRS 6 vi s.0:s 2hecusssindeoumes 41 40 
40 40 | 
PS See eS ere ere ee 33 33 
} 46 
WR 0, iene be aaa 35 
60 
Se Pye int ee 46 
44 
SY ee ee 34 
45 
5238.76 34 
60 
5257.12. 46 
of. eS eer ees 
28 48 37 41| 29] 
a 27 38 32 | 36 24 
53 
MOE hose Danek, aaruainame wei 63 
57 71 
EON oc5.k ccs educa sarnwavhane 67 183 
78 
EES oh-aie seay an be caeed | 89 
46) 57 |. 93 
CE eee ey eee | 50 46 8I 
go | 83 
SMe a Ses a4 enews | 72 | 66 
eer ee et et | 
46| 57 55 72 | 81 | 
oo! eres TT ere re 40 50 65 59 So 
| Jie See See. 
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TABLE I. —Continued. 














TANTALUM. 
AA observed and 
Wave-length Pressure in atmospheres, followed by MA reduced to A 4000 
A ee a : 
12 
13 
3918.6.... 13 
! 19 
Rt ee ae acty | 19 
Il 
I otnt 6 oian eo aan 2 oe cae me | 11 
16 
DE NC6a4 Ss enien pian deewan awe 16 
18 
Ne cg ride tha Seiten jie era's | 18 
23 
a chicd aad Wo ag dacpirat waite aunts | 23 
14 
EE ee eee | 14 
14 
EE 2 Spee eee | 14 
18 
NE io kes ea wid Dien wc ea as 18 
2! 
a et ie nicdeinane dive ve 21 
15 
RN 6 Figo Ge aang a8 aap sbrdib'e ae 15 
20 
ee ba tenieeaale ed 20 
18 
Ie es hhh oh Se ge 18 
17 
ee eee ee 17 
THALLIUM. 
AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
A 
9% It 
49| *87 
3519.342...... er ee ee ee 56 99 
"75 
Re are ere 86 
49 81 
CN Se GED vilckicaeh eared 56 93 


‘ Good lines. 
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TABLE I.—Continued. 


























TUNGSTEN. 
AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
. ——— 
| | | 9M i | 
. | on - Se 
20 13 
WOR o 6 hdres skew ea eaeene 20 13 
5 
GOTEAT cc ccccccivccvessvess cves | I5 
| 20/14! 
Ce ee ee ee es | 20 14 | 
] ! ' 
TIN. 
AA observed and 
Wave-length Pressure in atmospheres, followed by SA reduced to A 4000 
A or ccm | om mena 
| | 
9% 10 | 124 | 13 14% | 
| 
| cm i 
20 | 
SIOGIG + 6500009 0tevinss es sche 30 
40 | | 
| era ey 57 
24 | 
POUT aT TL Tre. | 34 
‘ol 
en re | 34 
| | =. 
GRPNE ni Saws nd cece herneee 35 
31) 
a ee ee ee = 41 
| 22 
nee eee ‘oie ie 30 
36 
oe ae | 48 
48 54 
| err 59 | 68 
i 47 44; 51 
Os 55. Kees Gas en een ae | 46 | 58 55 163 
44 64 
WUMOE Sonics cd vienees cease ees | 55 77 
37 28 48 44 58 
Pe rere eres Tere 46 | 39 58 5S | 69 











TITANIUM. 


AA observed and 








Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
A ‘eae a = 
| 8 | 8% 9 10% | rr | awh 
————— _— — = — _— 
| 20 
Sib ie. a idinrFiacetals avataren’s araerbes 125 | 
22 21 
ES A re Te 27 26 
18 | 25 
SE ee ee en 22 31 
15 
| ee ee 19 
12 21 
PS Gite bar 64 bee MEG ad Obs aisle 15 | | 26 
13) | 
0 Se ere ore ae | 16 22 
13) 2 
EN Tere er eeer or 16 27 
| I2 IS 
Rs 5s abies 0600 see wee ess 15 18 
17 
ao aig aa iad re drake Oe (21 
| 14 
2G irs ick ow 2.0 woke 17 
15 | 15 19 
CE itkind, Ons d biauat bea os | 18 | 18 23 
14 | 17 


SENSES Re ap | 17 | 20 


7 14 
a ciaro 5 atite ain Sida aaa: « 5 | 8 16 
9 Is 
0 TT CC Te roe | 10 18 
16 
eben iyiwieis uuaie es 19 
| 





DINE 6 oi ob ck cise e205 savin | 17 
*‘. a 
NE alan ig Mites. a:de'v 0408 ween 115 | 
| 15 | 
sp eecedteskucas deanes 15 
13 
0 ES eee ee | 13 
| 9 
RN ars: rive sivatar ewe e ois 19 
10 
ie Shing owas cane ys oes « 10 
| 9 Ig 
NE Sess by: diing a Sea ew awe ses 9 19 
| ¢ei 4% 
I 66 Whee ss Kaneibas on II 13 | 18 
16 
Ee et re re 16 | 
| as | 
| Seer | 18 
| | 15 
Ne ete ee ee 15 | 16 
15 2 
Cf Re eer cee 15 | 22 
13 } 
IN Sy PE ik eel amneeene ts | 13 
| 15 
SN ia ughesidbia weseoe Ewen 15 
16 | 14 16 14 1S 19 
EC ioc wid enawaekn as eee 19 15 16 17 15 21 





rh) hy Se ee a 


Average 
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THORIUM. 





Wave-length 





Wave 


-length 
a 


4™% 


wn 


AA observed and 


Pressure in atmospheres, followed by AA reduced to A 4000 









































| 8 9 | 
| 
12 15 
II 14 
| 14 
13 
7 
| 7 | | 
9 8 | 
8 7 
14 II 
| 13 10 
15 
14 
15 20 
14 18 
21 12 
19 Il 
4 | 
4 
| 21 
19 
| 
| 13 13 
js 12 
YTTRIUM. 








AA observed and 


Pressure in atmospheres, followed by 4A reduced to A 4000 

















6 7 10 | 11 12% | 13 | 
| 
7 | | 15 17 | 14 
7 | 15 17 | 14 
4 17 | 18 
4 17 18 
| II 
10 
| fos 
mae Se 
| | 
| 23 | 
| | 21 | 
| an | 
| | Tes 
fee et gol 
| | | 
-_ 4 18 15 17 16 
17 | 4 17 15 |17 16 











Notr.— Several other yttrium lines were measured, and found to agree well with 
the above. 





VANADIUM. 








AA observed and 
Wave-length Pressure in atmospheres, followed by AA reduced to A 4000 
» : é. add 
8s | 10 
5 | 
QOOSIOD... cc cccccsccsovecesees ls 
|} 9} — 13 
er rrr ee lg 13 
14 17 
BEI 5iic on 590s oso sinees 060 14 17 
| 23 
WG ont nse vac ciscas es eeise sis | 24 
13 | 
9] 
3922.500.... 13 
22 | 
: Se ee | 22 
12 | 18 
© eo 12 18 
14 
3928.1 14 
5 
EE EEE TET TC 5 
18 19 | 
0) & ee ee 18 19 | 
20 | 
3938.3 20. | 
| 
26 23 
NE side vdik wen sbne Gee hird oees 26 23 
| 15 
a eee 15 
17 17 
I iis eddie darnin Kee nase eae os 17 17 
16 15 
3984.5.... WT ETTTeTITeCCTIT LTT 16 | 15 
21 24 
MN Sails aig ig'e-wiedi'etn Tae ans 21 24 
12} 22 
eee eee ee ee 12 | 22 
22 | 
NE ein Gah Sa oie div a 22 
15 | 
Ee 0 eka ose wena cos 15 
14} 
Sipe wide wees ays 14 
17 
4042.8 17 
16 
QOS3.20G.. 26 60s 16 
19 
Pe eee 19 
24 
CS 24 
10 | 
is sh a alae aiahe > duatacs ws 10 
23 
So ile ate niin. s ear wm ae 23 
17 | 
Se re ee re ee | 17 ‘| 
18 | 
oo re | 17 
19 | 
| OS ae ee 18 
13| 
4132.100....... Pia anager 113 
22 | 
EE Se a ae meee a | 21 
} 16} 19 
PR ete aiinis-@.¢-+ 5c. aise ea | 16 l 19 
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Wave-length 


A 


TABLE 1.—Continued. 


URANIUM. 


AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 





9% | 11 12 





12 | 

ere ee 12 

4 3 

9993-0... cccvvversccces soccer } 3 

= 
eee eer, ere en a 15 
4 
JOIO.O.... cc resscccvesens sees 4 
| II 14) 
0? See 7 Il 114 
7 

DORE G occc cco coer eeu evcese c's 7 
6 

per ere. e rete | 6 
4 

3982.6.. 4 

5 

: _\ Prove errrrrrr, eerie 5 
13 

CS 646 sneak bn hae sane neeel 13 
| 12 

[SPT CPT ere Te ae } 12 

10 
CN SEE irr. fhe 10 | 
13) 

ON icin iidons bk Kaew 13 
| 
| | 6 | 8 13 | 

BO nas ceed d cde | 6 |8 13 
ZIRCONIUM. 


Wave-length 


a 


CS ae 


399090.1 17... 02 wees 


re rr 


IT eke 609-5644 fF cud deme 


AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 





| 
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TABLE I.— Continued. 


ZINC. 


AA observed and 
Pressure in atmospheres, followed by AA reduced to A 4000 


Wave-length 
A 
7 5 9% II 12% 1344 
I2 

Nos, ccs cnkae a8 16 
30 31 

0. a ee 36 37 
20 32 

OO ee ee 30 38 
30 


ES clk ee ceeds jms 36 
No series 


12 29 32 
II esivccc ed 'ece ow ea 16 34 38 
27 32 
2 ee paeees awa 33 39 
22 37 
eo. oats wiaeeaeie 27 44 
25 33 
0 eee 30 39 
Ist subordinate series 
25 34 
I sis hs. 59s. 900 30 41 
46 
ad ic wage aees eas a 62 
44 
De ee meee 58 
49 
Gas nc ec tiie den 64 
ol 65 60 
ee — 52 58 SI 
51} 62 77 ss 63 
ye ek? | eee | 43 52 63 19 53 
56 68 67 74 
Po? pated 47 57 56 62 
2d subordinate series 
SI 65 65 63 69 
PES kaise iw 54 55 57 53 55 
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RELATIONS OF THE SHIFTS TO EACH OTHER AND TO CERTAIN 
PROPERTIES OF THE ELEMENTS. 

As already stated, at least many elements produce lines 
whose shifts for the same wave-length are quite different, but 
this difference is by no means a haphazard one. Thus any series 
(as described by Kayser and Runge) of lines produced by an 
element gives shifts which, when reduced to the same wave- 
length, are approximately equal, ‘while the shifts of the series, 
principal, first and second subordinate, are to each other respec- 
tively very nearly as 1:2: 4. As is well known, the lines of any 
series of a given element are quite similar in general appearance, 
but very different from those of other series; and the same is 
true of the several groups of lines, of iron and of copper, for 
instance, which have such different shifts. In general, then, it 
appears that lines of the same character of any element, when 
reduced to the same wave-length, give equal shifts, which, never- 
theless, may differ widely from those of a different character, 
though of the same element. 

Lines of the same series, not only of a given element, but 
also those of different elements, resemble each other closely, 
and consequently in comparing shifts of lines with other proper- 
ties of the elements, it is neccessary to confine one’s attention, as 
far as possible, to lines of the same character ; and in accordance 
with this notion the following relations have to do with the 
shifts of what might be termed the most characteristic lines of 
the elements, that is, those lines which are the easiest to obtain 
(at least in the arc spectra) and which produce the sharpest 
reversals and consequently admit of the most accurate measure- 
ments. 

On forming, for various elements, the product of the cube 
root of the atomic volume (z. ¢., quotient of atomic weight 
divided by density) and the coefficient of linear expansion of 
the substance in the solid form, certain numbers are obtained 
whose ratios are approximately those of the shifts of the lines of 
the respective elements. This is shown in Table II, in which the 
atomic volume and coefficient of expansion both refer to 40° C. 





TABLE II. 


: Atomic ; Atomic | Coefficient og 
Element weight fw volume | °% linear | melting bn Shit 
W Vv expansion —— » > 
- point 7 
1 
_ ere 2317 
oct Qed 3.00 10.0 2313 1123 $3-3 55 
Se ere. 120.43 ¢ 7 ues f , 
43 4-94 17.9 o882 \ 710 68 49 
ree 75.01 .22 3 55 773 
75 4 13.2 0559 773 <63 39 
Ba 137-43 5.16 30.5 ? 7458 65 55 
_. Serer. 9.08 2.09 9 ? 1270 3 6 
Ae 208.11 5.93 21.1 62 538 “4 . 
~s pa 5-93 2 1621 535 90.3 49 
he cea 95 2.22 ? ? e 49 
U eee I11.G5 32 3 5 
> ead Trois - 12.9 | 3069 593 82 76 
, ; 32. 5- 70.0 ? ? IOI 
GEniocscs | QUey 3.42 25.4 ? Sr S! 54 
27 
07386 50 
ee ee 12.01 2.29 3.6 0540 ( ? ? °o 
o118 \ 
ee 140.20 5.20 21 ? 273 3 
Cr 4 ae : 1273 35 27 
Betas 52.14 3-74 2.9 ? ? ? 26 
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and the shift to a pressure of twelve atmospheres and wave- 
length 4000. 

A similar expression is used by Raoul Pictet in his formula 
for deducing the melting points of the metals. He finds that 
the continued product of the absolute melting point, the coeffi- 
cient of linear expansion of the substance in the solid state and 
the cube root of the atomic volume is nearly the same for all 
metallic elements except antimony and bismuth. Table II also 
shows the relation between Pictet’s results and the shifts of the 
lines by giving the quotients obtained by dividing a constant, 
namely 48600, by the absolute melting points of the elements. 
The number 48600 was chosen to reduce his results to numbers 
comparable with the shifts at twelve atmospheres, that of iron 
being made to coincide with the value given by the product of 
its coefficient of linear expansion by the cube root of its atomic 
volume. It appears that the shifts are about as near the calcu- 
lated values as are the melting points, and consequently in most 
cases the product of the shift by the absolute melting point is 
nearly constant; or what amounts to the same thing, the shift is 
inversely proportional to the absolute temperature of the melting 


point. 


DESCRIPTION OF TABLE II. 


The first column gives the symbols of those elements some 
of whose lines have been examined. Under WV are their atomic 
weights, and in the next column, marked f WW the cube roots of 
these weights. Under I’ are the atomic volumes at 40°C. and 
under a the coefficients of linear expansion at the same tempera- 
ture. The column marked 7 gives the absolute temperatures of 
the melting points, and that marked #°° the quotients indicated. 
Under S are the shifts at twelve atmospheres and wave-length 
4000, and the last column, marked af V, gives the product of 
the coefficient of linear expansion and cube root of atomic vol- 
ume multiplied by 10°. The atomic weights are based on the 
assumption that the atomic weight of oxygen is 16, and are taken 


from a special Smithsonian publication onstants of Nature, Pa 
f | | Smitl blicati ¢ tants of Nature, Part 
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V, Clark) for 1897. The atomic volumes and melting points are 
taken from Nernst’s Theoretical Chemistry, and the coefficients of 
expansion from the Phystkalish-Chem. Tabellen von Landolt una 
Bornstein. 

In a few cases, more recent and possibly more accurate values 
of the above constants have been obtained, but the differences 
are not sufficient to materially affect the calculated shifts. 

Like many other properties of the elements, the shift of 
their spectral lines is a periodic function of atomic weight, as is 
evident from the line of shifts as plotted in Plate XVIII, in 
which the abscissz are atomic weights and the ordinates the 
shifts per atmosphere of the lines of the given elements. The 
maxima fall, as do those of atomic volume, on the alkali metals, 
lithium, sodium, potassium, rubidium, and cxsium. In the case 
of those elements that have two or more groups of lines of differ- 
ent shifts, the group giving the best lines was always the one 
selected. Thus for the alkalies the lines selected are those of 
the principal series, which are by far the best lines for measure- 
ment of these elements, and besides, by selecting lines of the 
same series, it is possible to compare the shifts of the lines of 
the alkali metals, all of which belong to the same family of ele- 
ments, or Mendelejeff group. For similar reasons lines of the 
second subordinate series were selected in the case of zinc, cad- 
mium, and mercury. For calcium the g group of lines was 
selected, and the corresponding groups for strontium and 
barium. A different selection of lines where possible would not 
alter the periodic nature of the curve, but simply increase or 
decrease the values of the maxima and minima. 

As shown by the results tabulated in Table II, those ele- 
ments, such as sodium, potassium, indium, thallium, cadmium, 
and others, which have very large coefficients of linear expan- 
sion, have also very large shifts, and the converse is equally 
true. 

Another and rather simple relation is this: The shifts of the 
spectral lines of similar elements, in the main those of the right 


or left half, as commonly tabulated, of a Mendelejeff group, are 
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generally proportional to the cube roots of the atomic weights 
of the elements that produce them. This is shown in Table III, 
in which it will be seen that the observed and calculated values 
agree quite closely except in very few cases. The single carbon 
line shifts about twice the calculated amount, and the lines of a 
few other elements—platinum, osmium, yttrium, thorium, tan- 
talum, and tungsten—only about half as much as would be 
expected. It is just possible that in these cases lines com- 
parable to those measured of the other elements have not been 
selected. The lines measured of neodymium and uranium shift 
much less than the calculated amounts. Whether this is true 
of all the numerous lines of these two elements I am unable to 
state. 


DESCRIPTION OF TABLE III. 


Each horizontal row of Table III contains first the symbol of 
a certain element, followed by the observed shifts of its lines in 
thousandths of an Angstrém unit for twelve atmospheres and 
wave-length 4000; then the symbol of an element of the same 
group followed by the calculated shift of its lines, and finally 
the observed shift of the same lines. The shifts marked stand- 
ard are assumed to be correct, and each marked calculated 
deduced from the standard of the same horizontal row on the 
assumption that they are to each other as the cube roots of the 
atomic weights of the respective elements. 

In determining the groups of similar elements I have been 
guided in some measure by their spectra, and since the grouping 
adopted is not exactly, though very nearly, that which is com- 
monly made, I have thought it necessary to give it in Table IV. 
It will be seen that sodium, for instance, is classed with lithium, 
potassium, rubidium, and caesium, which it strongly resembles 
spectroscopically, rather than, as is often done, with copper, 
silver, and gold, which it does not resemble in this respect. 
Again, and for similar reasons, magnesium is classed with cal- 
cium, strontium, and barium, rather than with zinc, cadmium, and 
mercury. Inno case, however, is there a change of an element 
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TABLE III. 


Showing shifts in thousandths of an Angstrém unit for twelve atmospheres and 


wave-length 4000. 


Standard Calculated Observed 
Cs 161 | Li 60 85 
Cs 161 Na 90 108 
Cs 161 K 109 132 
Cs 161 Rb 139 132 
Cu 33 Ag 39 39 
Cu 33 Au 48 40 

Ca 54 l Mg 40 / 44/ 

27 \ 23) 30 ) 

Ca 54) S: 70} 65) 

27 35) 37 ) 

Ca 54) Ba ial | 55 { 

27 S 40 \ 34) 
Zn 57 Be 30 36 
Zn 57 Cd 68 76 
Zn 57 Hg 83 81 
La 32 ¥ 28 15 
La 32 Sc 22 24 
Al 55 3 40 49 
Al 55 In 89 88 
Al 55 lr) 106 102 
Ti 23 Zr 26 28 
Ti 22 Ce 30 27 
Ti 22 Th 35 18 
Sn 55 es 26 50 
Sn 55 rd | 34 43 
Sn 55 Ge 47 44 
Sn 55 Pb 66 60 
V 25 Cb 28 34 
V 25 Ndi 35 II 
V 25 a2 35 17 
Bi 49 As 35 28 
3i 49 Sb 4! 49 
Bi 49 E 45 47 
Cr 20 Mo 32 40 
Cr 26 W 40 19 
Cr 26 U 43 9 
Fe 25 Ru 36 28 
Fe 25 Os 35 17 
Ni 28 Pd 34 27 
Ni 28 Pt 42 20 
Co 24 Rh 29 2¢ 


from one to another of the Mendelejeff groups, and besides the 
right and left halves, as usually tabulated, are in the main 
retained, the only changes being in the case of elements of small 


atomic weights, which have many properties in common with the 
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elements of each half of their several groups, and which are 
often regarded as common to the two halves. Thus, as just 
stated, magnesium is placed with calcium, strontium, and 
barium, because spectroscopically it resembles them rather than 
zinc, cadmium, and mercury, though it has so many properties 
in common on the one hand with those of calcium, strontium, and 
barium, and on the other with those of zinc, cadmium, and mer- 
cury, that it might very well be classed with either group. 


TABLE IV. 


Showing the adopted grouping of similar elements. 


Group I Group II Group III Group IV Group V Group VI | Group VIII 


Li | Cu Mg | Be | Sc | B (> am ie YS V | As | Cr Fe | Ni | Co 
Na | Ag | Ca | Zn | Y Al | Zr Si Cb | Sb Mo | Ru | Pd | Rh 
‘ Au | Sr | Cd | La | Ga! Ce | Ge | Ndi| E WwW | Os Pt Ir 
Rb Ba | Hg In | Th {| Sn | Ta] Bi | U 

Cs Tl Pb } 


SUMMARY OF RESULTS. 


The following list of relations between the shifts of spectral 
lines, the conditions under which they are produced and the 
properties of the elements producing them is probably quite 
imperfect ; some of them may be more or less accidental, and in 
all probability others quite as important have been overlooked. 
However, I have not searched at all carefully for such relations, 
and the present list contains only those which presented them- 
selves from time to time during the investigation, and which I 
trust may be of service to anyone who attempts an explanation 
of the observed phenomena. 

These relations are: 

1. Increase of pressure causes all isolated lines to shift towards 
the red end of the spectrum. 

2. This shift is directly proportional to the increase of pressure. 

3. It does not depend upon the partial pressure of the gas or 
vapor producing the lines, but upon the total pressure. 
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4. The shift of the lines seems to be nearly or quite inde- 
pendent of temperature. 

5. The lines of bands (at least of certain ‘‘cyanogen”’ and 
aluminium oxide bands) are not appreciably shifted. 

6. The shifts of similar lines of a given element are propor- 
tional to the wave-lengths of the lines themselves. 

7. Different series of lines (as described by Kayser and 
Runge) of a given element are shifted to different extents. When 
reduced to the same wave-length these shifts are to each other 
approximately as 1: 2:4, respectively, for the principal, first and 
second subordinate series. 

8. Similar lines of an element, though not belonging to a 
recognized series, are shifted equally (when reduced to the same 
wave-length), but to a different extent than are those unlike them. 

g. Shifts of similar lines of different substances are to each 
other, in most cases, inversely as the absolute temperatures of 
the melting points of the elements that produce them. 

10. The shifts of similar lines of different elements are to 
each other approximately as the products of the coefficients of 
linear expansion and cube roots of the atomic volumes of the 
respective elements (in the solid state) to which they are due. 

11. Analogous or similar lines of elements belonging to the 
same half of a Mendelejeff group shift proportionately to the 
cube roots of their respective atomic weights. 

12. The lines of those substances which, in the solid form, 
have the greatest coefficients of linear expansion have the greatest 
shifts. The converse is also true. 

13. The shift of similar lines is a periodic function of atomic 
weight, and consequently may be compared with any other prop- 
erty of the elements which itself is a periodic function of their 
atomic weights. 

The results of this investigation can be fairly well expressed 
by the simple equation. 

Ax aBrA(p— Pp.) 
when AAJ is the increase of wave-length A of any given line pro- 
duced by the increase of pressure p—/., 8 a constant for any 
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series of lines and a a constant for any element. That is A for 
any series of a given element is the same as # for the correspond- 
ing series of any other element, while a for any series of a given 
element is the same as for a for any other series of the same 
element. If we write 8, for the principal series, B, for the first 
subordinate and £, for the second subordinate, then, approxi- 
mately, 8, :B, :B, = 1:2: 4. 

By suitably choosing 8, a may. be replaced in most cases by a 
where 7 is the absolute temperature of the melting point, or again 
by « # V where ¢ is the coefficient of linear expansion of the 
substance in the solid state and V the atomic volume (the 
objection to these expressions comes from the fact that for many 
elements neither 7 nor ¢ is known ); or finally, for either half of 
any Mendelejeff group, by ~’ Ww, where W is the atomic weight. 
From this last expression it is evident that a, and therefore AX, 
is a periodic function of atomic weight. 

The observations upon which the above conclusions are based, 
though very numerous, are by no means as complete as could be 
desired, and I feel quite sure that a more searching examination 
of a larger number of lines, probably at considerably increased 
pressures, would add materially to our knowledge of the interest- 
ing relations between the spectral lines and the conditions under 
which they are produced. 


DISCUSSION OF THE RESULTS. 

How to interpret the shifts of the lines, their relations to each 
other and to other properties of the elements that produce them 
is not very evident. However, on any theory of the emission of 
waves the wave-length increases with increase of the linear dimen- 
sions of the segment or portion of matter producing them. Con- 
sider therefore an isolated body, to be definite a rectangular bar 
of steel say, producing vibrations. Waves of different lengths 
may be given off simultaneously, but the length of each will be 
proportional to the length of the segment producing it. If the 
linear dimensions of the bar be increased, the other properties 
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remaining unchanged, the wave-length of each set of vibrations 
will be correspondingly increased, the total increase in each case 
being proportional to the wave-length itself. Now suppose the 
bar in the midst of a great number of others of either the same 
or of different material and all moving at random with consider- 
able velocity. Many collisions will take place; part of the energy 
of the system becoming internal energy of the bar in question 
and thereby increasing its linear dimensions and consequently 
the wave-lengths of its vibrations. Further, the more numerous 
the bars in a given space the more frequent in the same propor- 
tion will be the collisions and therefore the greater will become 
the internal energy of the bar, its linear dimensions and the wave- 
lengths of its vibrations. Again, of two bars under the supposed 
conditions, that one which has the greater coefficient of linear 
expansion will suffer the greater change in the lengths of its 
waves. 

Since, at any given temperature, the coefficient of expansion 
of a bar of metal remains constant, so far as is known, no matter 
how small the bar, and since also the coefficient of expansion of 
a porous bar, or one bored to any extent and in any direction, is 
the same as that ofa solid bar of the same substance, it would seem 
on pushing these ideas to the limit, that the coefficient of expan- 
sion of a substance in the solid form is also more or less nearly 
a measure of the expansion of its smallest parts or molecules. 
Nor does it seem unreasonable to suppose, when these molecules 
are moving rapidly and in the midst of many others, as they are 
when the substance is in the form of a gas, that their collisions 
would lead to an increase of the internal energy of the molecules 
themselves and consequently to their expansion and to an increase 
in the wave-lengths of their vibrations. At any rate if the par 
ticles producing light-vibrations have properties like those of 
appreciable masses of the same substance, then the above con 
siderations in regard to the steel bar offer a possible explanation 
of many, and probably the most important, of the observed 
facts in regard to the shifts of the spectral lines. In this way is 
explained why the wave-lengths should always increase with 











EFFECT OF PRESSURE ON WAVE-LENGTH 229 


increase of pressure, and why it is independent of the partial 
pressure of the gas to which the lines are due. It is also evident 
that the shifts of the lines should be proportional to their wave- 
lengths, and greatest for those substances which have the greatest 
coefficient of linear expansion. This idea offers at least a partial 
explanation as to why the shifts of the lines should be, as exper- 
iment shows them, practically independent of temperature when 
the pressure is kept constant, since in this case the greater velo- 
city of the particles due to increase of temperature is offset in 
a measure by the corresponding rarefaction, so that the increase 
of internal energy of the molecules due fo collistons may be but 
slightly, if at all, changed by change of temperature alone. Still 
an increase of the temperature alone almost certainly increases 
the amplitudes of the vibrations —the lines become more intense 
and it is difficult to see why the internal energy of the mole- 
cule should not at the same time be so increased as to make its 
linear dimensions greater. This, however, it seems would make 





the wave-lengths greater, a result that is not in accord with 
experiment. 

Why different series of lines of the same element should 
shift differently is far from evident, and it is with the greatest 
hesitation that I offer the slightest suggestion in regard to it. 

Conceivably the vibrating particles may expand differently 
in different directions, or possibly the different series of lines 
may be due to entirely different molecular complexes of very 
different coefficients of expansion. This latter idea seems to be 
supported in a measure by the following considerations: The 
melting point of a substance and its coefficient of expansion both 
appear to be in some sense inversely proportional to the ability 
of its particles to resist external influences; and those molecular 
complexes least capable of resisting external influences may, 
therefore, at the temperature of the electric arc, be subject to 
dissociation and possibly to other changes as well. Now it hap- 
pens that those substances which furnish clearly marked series 
of lines, as do sodium, potassium, cadmium, mercury, and oth- 
ers, are those whose melting points are among the lowest and 
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whose coefficients of expansion are the greatest. Should disso- 
ciation take place, it is clear that the dissociated parts must 
be either less subject to external influences or else less power- 
fully acted upon than are the undissociated parts, else they too 
would still further dissociate, which process evidently stops 
somewhere. In either case a smaller coefficient of expansion of 
the parts might be expected than is that of the undissociated 
portions. Again it seems but natural to suppose the dissociation 
taking place along planes of symmetry, should such planes exist, 
or at least in a manner that would leave the parts with linear 
dimension approximately but half those of the original whole. 
Supposing, then, the coefficients of expansion, or better possibly, 
the amounts of energy used in producing expansion of the parts 
to be such as to cause these coefficients to be to each other as the 
linear dimensions of the particles themselves, we have at once 
an explanation of the 1:2:4 relation of the shifts of the series. 

This also suggests a possible explanation of the fact that 
analogous elements, as rubidium and czsium, tin and lead, and 
others give lines that shift proportionately to the cube roots of 
their atomic weights, since (if the atoms are of about the same 
density ) the cube roots of their weights are to each other as their 
linear dimensions. Or, on the other hand, if, as seems possible, 
the shifts of the lines are to each other as the linear dimensions 
of the particles to which they are due, it follows that analogous 
elements—elements of the same half of a Mendelejeff group — 
differ from each other in the main because of the difference in 
the linear dimensions of their atoms. 

Again I wish to say that these suggestions are offered with 
the greatest hesitation (the assumptions made are not yet justi- 
fied), and only with the hope that they may be of some service 
in mapping out further investigations along this line of spectrum 
analysis. 


HISTORY OF THE PRESENT INVESTIGATION. 


The present investigation was begun in February 1895 by 
Dr. J. F. Mohler and myself, and continued as joint work till 
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December of the same year. Our accumulated results on twenty- 
three elements were then published in the ASTROPHYSICAL JOUR- 
NAL, December 1895, and likewise, though in a much less 
complete form, in the Johns Hopkins University Circulars for 
February 1896. A preliminary account of it had also been given 
by Dr. Mohler at the Springfield (1895) meeting of the Ameri- 
can Association for the Advancement of Science. 

Dr. Mohler then examined alone the effect of very low pres- 
sures on a few of the elements whose behavior at high pressure 
was already known, and published his results in the AsTROPHYS- 
ICAL JOURNAL of October 1896, and I, working independently, 
extended the examination at high pressures to a number of addi- 
tional elements, the results of which appeared in the November 
1896 number of the same JOURNAL. 

The present paper, though including all that has been done 
in this line, except Mohler’s work at low pressure, contains much 
that is new—the history, so far as there is one, of the subject; 
the behavior of several additional elements (the metallic ele- 
ments are now practically exhausted); the behavior of different 
groups of analogous lines, like those of copper and iron, and in 
particular the different series of lines as furnished by lithium, 
sodium, zinc, and others; and also a fuller study of several of 
the elements, iron, zinc, copper, cadmium, among others previ- 
ously studied by Mohler and myself. 


DESCRIPTION OF PLATE XVII. 


Some idea of the effect of pressure on spectral lines may be 
got from the accompanying plate, which is taken from a few of 
the negatives obtained during the course of my work. I shows 
the pair of sodium lines A 3302.504 and A 3303.119. The inner 
portion was taken at a pressure of eight and one-half atmos- 
pheres and the outer portion at one atmosphere. On the outside 
the unsymmetrical nature of these lines is clearly seen, the spread- 
ing being to the violet ; yet, as shown by the plate, the lines under 
pressure are greatly shifted towards the red of the spectrum. II 
is from the New Concord meteorite, the inner portion being 
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taken at a pressure of twelve atmospheres. This shows several 
of the iron lines that shift to a greater extent than do others of 
the same element. It shows also a portion of a cyanogen band, 
whose lines are not appreciably displaced. Further, it shows 
that the lines under pressure reverse more readily than do the 
same lines at normal pressure. III, the inner portion of which was 
formed at a pressure of seven atmospheres, shows the great dif- 
ference in the shifts of two classes of copper lines. In this case 
the plate was taken from an arc formed between a copper and a 
brass rod, the brass forming the lower and positive pole. IV 
shows the potassium lines A 4044.294 and A 4047.338, which are 
greatly shifted. The small line between them is due to iron. 
The pressures were for the outsides and the middle, one and 
eight and a half atmospheres respectively. V gives the rubidium 
lines (in the cyanogen band), the shifts of which are very evi- 
dent. In this case the pressures were also eight and a half and 
one atmospheres. In fact, V and IV are but different portions of 
the same plate. 

In closing I wish to thank Professor Rowland and Dr. Ames, 
under whose direction this work was conducted, not only for 
their assistance every time it was needed, but also for the thor- 
oughly kind and helpful manner in which it was invariably 
given. 

My thanks are also due to Mr. L. E. Jewell for the willing- 
ness with which he often brought his extensive knowledge of 
the spectra of the elements to my aid. 











THE NEW SERIES IN THE SPECTRUM OF HYDROGEN. 
By J. R. RYDBERG, 


In the April number of this JouRNAL, page 243, Professor 
Kayser expresses the opinion that Professor Pickering is wrong 
in representing the newly discovered hydrogen series in the 
spectrum of ¢ Puppis by the same formula as the old one. 

Although I can subscribe without hesitation to the opinion 
of Professor Kayser as to the relation of the two series, yet the 
reasons he adduces to confirm his conclusion do not seem quite 
sufficient. If it should turn out to bea fact that the two series can 
be united into a single one, then, indeed, strong arguments must 
be advanced to dispute the correctness of such an arrangement. 

The first condition to be fulfilled, before we draw any con- 
clusion from the analogy with other spectra, is to obtain a rigor- 
ous proof that the two series have a common limit. For this 
purpose I have calculated the two series independently of each 
other, after reducing the wave-numbers to vacuum. 

The formula of Balmer for the old series becomes then with 


Professor Rowland’s values 


109675.00 
m= 27418.75 — —_ = 


WM 
where 7 is the wave-number and m the series-number of a line; 
and my general approximate formula 

109675.00 
to 
(m + p) 
gives for the new series, using the most complete of the observed 


ml 


series tor ¢ Puppis, 
109675.00 
(m + 0.500737)" 
The corresponding values in air (16°, 760™™) are: 


n == 27418.79 


7 8 9 10 

A obs. 4201.6 4026.5 3924.9 3858.6 3817.2 3783.4 

A calc. 4201.54 4027.31 3925.18 3859.76 3815.17 3783.35 

diff. + 0.06 —o.81 —o.28 —1.16 +2.03 +0.05 
233 


m 5 6 
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Thus the limit ”, coincides exactly in the two series, and we 
evidently obtain the formula of Professor Pickering by inserting 
in place of 0.500737 the approximate value 0.5, and then substi- 
tuting %m for m. 

From this we see first of all that the condition for the corre- 
spondence of the series, as nebulous and sharp series of hydro- 
gen, are fulfilled as exactly as possible, if we consider their 
different intensity and sharpness, as pointed out by Professor 
Kayser. Consequently we are perfectly justified in comparing 
these series with those known in other spectra. Secondly, we 
find that the formula of Professor Pickering contains the two 
given here and differs from them only by giving other numbers 
to the lines and representing the two series as one. 

Which of these two methods is to be considered the correct 
one can easily be decided by reference to the existing analogy 
with other spectra, seeing that we have for some elements 
hitherto examined the following values of the constant pw: 


Element Nebulous series Sharp series 
H 1.000000 0.500737 
Pa 0.997273 0.858110 
He 0.996084 0.701464 
Li 0.998063 0.597337 
Na 0.988436 0.649840 
Zn 0.905336 0.2691 48 
Cd 0.906478 0.327899 
Ag 0.982165 0.447358 
Cu 0.975792 0.399765 


If the two series were related in the way indicated by the 
formula of Professor Pickering, the values of uw for the same ele- 
ment ought to differ by a quantity approaching 0.5, so that 
the terms of one series would fall half-way between the terms 
of the other. But, as we see from the table, these differences 
vary in an irregular manner. Therefore hydrogen would be the 
only known element by which the two series could be thus 
united in one formula. It is worthy of notice that the formula 
of Kayser and Runge 

n= A— Bm~* — Cm~ 














NEW LINES IN HYDROGEN SPECTRUM 235 


does not permit a comparison of this kind between the 
series. 

Another argument, not yet mentioned, against the combina- 
tion of the two series, which would be sufficient to decide the 
question, can be derived from the analogy with other spectra. 
For, as I have shown explicitly,’ the constituents of the doublets 
and triplets of the nebulous series are built up after exact rules, 
and form new doublets and triplets of a higher order, while the 
constituents of the sharp series, so far as we know, are simple 
lines. Evidently it would be absurd to unite these two kinds of 
lines in one series, where the terms would be alternately simple 
and alternately double and triple, as would be a necessary con- 
sequence if we should follow the analogy given by the formula 
of Professor Pickering. 

We arrive, therefore, at the definitive conclusion that “he 
two series of hydrogen are to be represented by two distinct formule, 
even if it may be possible to unite them with great approximation 
in a single equation. 

Hitherto the spectrum of hydrogen has appeared through its 
simplicity to differ from all others, and I have also adduced this 
circumstance among the many which give to hydrogen a quite 
peculiar place in the system of elements. Through the dis- 
covery of the new series the analogy between this spectrum and 
the others is evident; but there remains still the exceptional 
simplicity in the values 1 and ¥% for the constants mw of the nebu- 
lous and of the sharp series. However, as the analogy ought to 
hold good in all details, we are compelled to adopt the 
assumption that the lines of hydrogen are double, just as are 
those of other elements. In this connection we may recall an 
observation made by Professor Michelson in his researches on 
close doublets by the interference method, from which he found 
that Ha actually has two components of nearly the same 
intensity, quite as we should expect from the monatomicity of 
hydrogen. Now, if this be the case, it is evident that the 
formula of Balmer will lose its quality, hitherto unparalleled in 


* Wied. Ann., 50, 629, 1893. 
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science, to represent with absolute exactness a series of quanti- 
ties given by nature. The formula is to be divided into two, 
with different values for the limit 2,, but with the same value for 
the constant mw, which very likely will differ a little from the 
exact values O or I. 

At all events we can now, without any risk of mistake, ven- 
ture to compute the second part of the sharp series of hydro- 
gen, the so-called principal series. Then, as 1 have pointed out 
already in my general exposition of the constitution of line 





spectra* and have afterwards tried further to confirm,” there can 
be no doubt that these series are really parts of a single group 
of lines with two variable integral parameters, the general 
formula of which can be written approximately 3 
n I I 
109675.00 (m,+yp,)? (m,+4y,)” 
m, and m, being the parameters, and w, and mw, constants. In 
the present case the formula becomes 
n a I I ! 
109675.00 (m,+1)* (m,+ 0.5)" | 


where for the sharp series m, is always unity, and m, is variable 


and can assume the values I, 2, 3,4, ... - ; for the princi- 
pal series, on the contrary, m,=1, while m, varies. By giving 
m, or m, the constant values 2, 3, 4,... . and then varying 


m, or m, respectively, other series are formed. Negative values 
of m have the same meaning as positive ones. 
On computing from the above formula the values of » for 


the principal series we find the following lines: 


mM I 2 3 4 5 
n 21325.69 36558.33 41889.75 44357-44 45697.91 
r 4687.88 2734.55 2386.50 2253.74 2187.60 


* “Recherches sur la constitution des spectres d’émission,” etc. A. Svenska Vetenshk, 
Akad. Handl., 23; No. 11, 1889. 

2? This JOURNAL, 4, 91, 1896. 

3“ Recherches,” etc., p. 64. This law is also given explicitly in the abstracts of 
this memoir in Zeit. Phys. Chem., C. R., and Phil. Mag. for 1890, so that it seems 
impossible for Professor Schuster to base his claim to a second discovery on the law 


not having been sufficiently published. 
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The values of 2 are calculated for vacuum, but the values of 
» are reduced to air (16°, 760™") in order to correspond to the 
observed values. 

A glance at the above numbers shows at once that only the 
first line is likely to be found in star spectra, as all the 
others are situated in the region cut out by the absorption of the 
atmosphere. This line, which would correspond to the red line 
of Li (A= 6708.2) and to the two D lines of Na, ought to pos- 
sess an extraordinary intensity, exceeding by far that of all the 
other lines of hydrogen in the visible spectrum. 

These conclusions are confirmed in every respect, if we con- 
sider the spectra of stars of the fifth type. In the Annals of the 
Harvard College Observatory, 28, Part 1, p. 48 (‘Spectra of Bright 
Stars,” by Antonia C. Maury and E. C. Pickering) we find in 
Table III, in the column under “Curve,” the following lines with 
their intensities : 




















A z | A z 
H[(D:7 3889 I H[(S;5] 4200 3 
Hf \S:7 3926 I #A7|D.4 4340 3 
/7|D,6 3970 I H 4 4544 2 
/7|S,6 4026 . 8 -~\ See 4614 2 
aeout 4059 4 H ie I 4688 10 
#7 (D,;5] 4102 5 H mS 4862 I 








The designations in the first column correspond to the sys- 
tem introduced for other spectra." D is a line of a nebulous 
(diffuse) series, S a line of a sharp series, the numbers give the 
values of mm. 

As we see, all the known lines of hydrogen are surpassed in tnten- 
sity by the line 4688, which corresponds almost exactly to the computed 
value 4687.88 and which we can, with full certainty, indicate as the 
first line of the hydrogen spectrum, being at once the first term of the 
principal and of the sharp series.” 

Of the remaining lines in the spectrum of hydrogen H [S, 3] 

*“ Recherches,” chap. v, p. 76. 


? There is a line at \ 4687 n the spectra of several nebulaz.—Ebs. 
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is, no doubt, the line 5412.4 quoted by Professor Pickering from 
the measurements of Professor Campbell, and H [D, 2] is Ha. 
As to H [S, 2] the formula gives X= 10128.17, as already cal- 
culated by Professor Pickering, and there can be no doubt that 
the line is to be found in the spectra of stars of the fifth type, 
the adjacent terms H [S, 1] and A [S, 3] being certainly 
known. But the first term of the nebulous series, H [D, 1], 
should have x»=0, A=oo, if the formula is exact, and then no 
such line would exist. If, on the contrary, the formula of 
Balmer is only approximate, we will have a doublet with a 
greater wave-length than any line we know or can at present 
infer from any spectrum hitherto investigated. 

Besides, the close agreement between the observed and the 
computed values of H [S, 1] shows clearly that ~=0.5 is to 
be preferred to #=0.500737, which would give A= 4698.43 
instead of 4687.88. 

LUND, July 28, 1897. 





ON TRIPLETS WITH CONSTANT DIFFERENCES IN 
THE LINE SPECTRUM OF COPPER. 


By J. R. RYDBERG. 


THE experience acquired in the examination of a great many 
spectra shows that the lines which can bearranged in series accord- 
ing to rules already discovered, form but a small portion of the 
whole number of lines, which we can obtain under different con- 
ditions from the same incandescent gas. In the spectra of the 
biatomic elements I have pointed out, in addition to the ordinary 
series, regular groups of doublets and triplets closely agreeing 
in their constitution with the doublets and triplets by which the 
known series are formed.’ Here we find constant differences of 
wave-numbers, nebulous and sharp, simple and compound triplets, 
and we have strong reasons to assume that these can be united 
in series analogous with those already known. However, this 
analogy does not seem equally clear, when we consider the 
spectra of the heavy metals with their immense numbers of lines, 
regarding the connection of which we have hitherto been com- 
pletely in the dark. This applies, for instance, to the spectra of 
the Fe group, of the Pt group, of Cu, Ag, and Au. So far as we 
know it is not impossible that the constant differences of wave- 
numbers are limited to the ordinary series, and that the spectra 
of higher temperatures are built up in quite another way, so that 
some new key must be found to make a grouping of the lines 
practicable. 

To decide, if possible, this question I have examined the 
spectrum of Cu after the measurements of Professors Kayser and 
Runge,” and I have found that the law of constant differences 
holds good even outside the ordinary series. As the lines which 
I have hitherto been able to arrange are in general very weak, 
no trustworthy conclusions can be drawn from their relative 

™ Recherches sur la constitution des spectres d’émission.” A. Svenska. Vet' 
Akad. Handl., 23, No. 11, 100. Wied. Ann., 52, 119. 


2 Uber die Spectren der Elemente,” 5, 8-17. 
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intensities, but it seems not impossible that we have to do with 
a constitution differing considerably from any that we have pre- 
viously known. However, we will retain the word “triplets” 
to designate recurring groups of three lines with constant differ- 
ences between the wave-numbers. 

In my examination of the Cu spectrum I have met with two 
different groups of triplets. The first group gives the differences 
v, = 129.50, v, = 50.58, and consists of the following complete 





triplets.’ 
z n | V1 ra n | Vs z n 

} | 

oe = —- | | 
(5d) 26599.07 | 129.46 | (4d) 26728.53 | 50.47 | (5d) 26779.00 
(Sd) 27196.31 | 130.28 | (6d) 27326.59 | 55.47 | (6n) 27378.06 
(5d) 27278.80 | 129.57 | (6d) 27408.37 | 50.65 | (5d) 27459.02 
(5d) 28196.50 | 128.10 (4 ) 28324.60 | 49.75 | (5d) 28374.35 
(6 ) 29443.03 | 129.47 (4d) 29572.50 | 50.63 | (Sd) 29623.13 
(5d) 32117.27 51.14 | (3d) 32168.41 


(3d) 31987.51 | 129.76 


The first, third and fifth of the triplets give almost the same 
values for v, which value I consider as normal. In the second 
and the sixth both vy, and », are greater, in the fourth triplet 
both are smaller. By analogy this would indicate that the three 
last-mentioned triplets are really compound, but the components 
too weak to be observed. 

The same differences of wave-frequencies occur also in the 
following doublets, some of which seem to be intimately con- 
nected with adjacent triplets: 











(2rd) 22026.53 | 129.76 | (5d) 22156.29 (4d) 33083.55 | 128.89 | 33212.44 
(Sd ) 27233.12 | 129.66 (5n) 27362.78 (5n) 38768.71 1 30.29 (5d) 38899.00 
(5 ) 30488.83 | 129.19 | (5d) 30618.02 (4 ) 41663.54 130.07 | (2d) 41793.61 
(Sd ) 27620.72 50.52 | (6d) 27671.24 (5n) 35885.38 50.55 | (5n) 35935.93 
(4d ) 28297.83 50.46 | (4d) 28348.29 (3r) 44185.22 $1.21 | (4r) 44236.43 
(§d ) 29392.05 50.98 (6 ) 29443.03 (5 ) 45081.39 49.44 | (3r) 45130.83 
(4d ) 30461.99 50.47 | (6 ) 30512.46 (4r) 45833.72 50.26 | (4 ) 45883.98 
(5n ) 33524.31 50.54 | (5n) 33574.85 (6r) 46043.06 50.72 | (6 ) 46093.78 








* The intensity decreases from 1 to 6; @ corresponds to “ verbreiteyt,” ” to “sehr 


unscharf,” ~ to “umgekehrt” of Kayser and Runge; the other lines are sharp. 
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Several of these doublets may be only accidental, without 
real connection between their components. 

The second group of triplets has greater differences of wave- 
frequency, namely, v, 680.19, v,= 212.21. The following are 
complete : 





























t n | v4 i n Ve z n 
| 
(4 ) 18001.28 680.29 (5 ) 18681.57 212.20 (3 ) 18893.77 
(4n) 18546.37 680.33 (4d) 19226.70 212.10 (5d) 19438.80 
(4d) 26728.53 679.84 (6d) 27408.37 212.35 (Sd) 27620.72 
(5d) 26799.00 680.02 (Sd) 27459.02 212.22 (Sd) 27671.24 
(5 ) 32319.89 679.82 (Sd) 32999.71 212.73 (4 ) 33212.44 
(4 ) 32532.17 680.37 (4 ) 33212.44 211.03 (5n) 33423.47 
(2r) 45153.25 680.47 | (4r) 45833.72 | 209.34 (6r) 46042.06 





In the following doublets we meet with only one of the dif- 


ferences in question: 





t mn v z n Z n v z n 








(5n) 20858.41 | 680.41 | (5n) 21538.82 || (6 ) 29443.03 | 679.63 | (4d) 30122.66 
(Sd) 23571.45 | 680.50 | (Sd) 24251.95 || (5 ) 30488.83 | 680.13 | (4 ) 3116896 
(§d) 24251.95 | 679.74 | (5n) 24931.69 (4n) 31307.04 | 680.47 | (3d) 31987.51 
(Sd) 26599.07 | 679.73 | (5d) 27278.80 || (5n) 31488.03 |; 680.38 | (3d) 32168.41 
(6d) 27667.80 | 680.49 | (4d) 28348.29 || (4d) 31961.85 | 680.55 | (3 ) 32642.40 





287.38 | 211.94 |; (2 ) 21499.32 (6d) 29238.06 | 212.51 | (5d) 29450.57 


(4n) 21 
(Sd) 27196.31 | 212.06 | (6d) 27408,37 (Sd) 32045.84 | 212.54 | (4d) 32258.38 
(6d) 28196.50 | 212.03 | (4d) 28408.53 (5 ) 32319.89 | 212.18 | (4 ) 32532.07 
(Sd) 283 











374-35 | 212.52 | (5d) 28586.87 (4n) 44502.20 | 212.52 | (6r) 44714.72 





In the triplets and doublets the lines 24251.95, 27408.37, 
32319.89, 32532.07, and 33212.44 occur twice. ; 

Between the two groups of triplets we find a connection 
which I have never observed before. As is to be seen from the 
following arrangement of the wave-numbers with their differ- 
ences, we have a group of lines similar to the compound triplets 
of the biatomic elements; save that here both of the two 
characteristic pairs of differences occur in simple triplets, 
while in the other case we have one pair only as peculiar to the 
spectrum. 
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(5d) 26599.07 129.46 (4d) 26728.53 50.47 (5d) 26779.00 
679.73 679.84 680.02 

(5d) 27278.80 129.57 (6d) 27408.37 50.65 (5d) 27459.02 
212.35 212.22 

(5d) 27620.72 50.52 (5d) 27671.24 


Indications of such groups are met with more than once, but 
in general they seem to be incomplete. 

Among other differences, which appear very frequently, we 
find a great many which are a little smaller than the known 
difference 248.54 of the doublets of the ordinaryseries. Between 
238.5 and 245.5, for instance, there are no less than 42. The 
numbers do not coincide so closely asin the cases already con- 
sidered, owing, perhaps, to a constitution of the doublets ana- 
logous with that we are acquainted with in the nebulous series, 
so that constant differences would really exist between one of 
the lines and a weaker companion, not yet observed, of the other. 
For example, I will give a few pairs of lines in which the con- 
cordant character of the constituents seems to indicate a real 
connection. 

2 n v 2 n 
(2 ) 21255.02 244.30 (2 ) 21499.32 
(5d,) 39008.56 242.99 (5d,) 39251.55 
(2d,) 41548.60 245.01 (2rd,) 41793.61 
(2r ) 44886.33 = 244.50 (3r_) 45130.89 

On placing the means of all the constant differences of Cu 
together in order of their magnitude we find, 


vs Ve 
680.19 212.21 
248.54 
129.50 50.58 


This group of values of v evidently resembles the correspond- 
ing numbers of the Ca group," but we are unable at present to 
decide whether the resemblance is real or apparent. I have tried 
in vain to arrange the new triplets inseries. At all events there 
can be no doubt that the law of constant differences extends 
beyond the limits of the first discovered series. In another 


* Wied. Ann., 52, 126. 
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respect also the triplets of Cu must excite interest. Hitherto 
triplets have been recognized only in the spectra of biatomic 
elements, and the series of Cu supposed to be made up of 
doublets like those of elements of uneven valency in general. 
Now the difference between elements of uneven and of even 
valency is partly smoothed out, triplets having been found in the 
former group as well as doublets in the latter. 


LUND, August 2, 1897. 











RESUME OF SOLAR OBSERVATIONS MADE AT THE 
ROYAL OBSERVATORY OF THE ROMAN COL- 
LEGE DURING THE FIRST HALF OF 1897. 


By P. TACCHINI. 


I GIvE below a résumé of the solar observations made during 
the first half of 1897. The following results have been obtained 
for the spots and faculz: 





} — wr Relative frequency Relative size Numt 
Nu swumber 
1897 aoe. of days pote 

| vation | of spots | peo of spots | of facule per day 

1 | spots 

ce 
Se beer nr | 23 13.61 0.00 108.0 | 70.2 2.9 
Ere ee | 19 9.00 0.00 59.5 | 74-7 2.6 
March ..... | 2 8.8 0.0 26.5 | 62.5 2.8 

‘ 4 4 : ; 

Gig Wy kieese en sie rss bcs eee 25 10.44 | 0.12 30.1 | 67.7 | 3.3 
MR ao Ueink ud ahead 6 <x an aes |} 25 5.72 | 0.20 | 0.5 | 554 | 2.6 
NE e645 Ais bind caked 6:6 %.5,0's eee 29 3.14 0.31 13.1 | 48.3 2.0 


| | } | 


Sun-spots have thus continued to diminish in number with 
a secondary minimum in the month of June; in correspondence 
with this diminution we find an increase in the number of days 
without spots. In the case of the facula we also have a mini- 
mum in the month of June, but the difference between this and 
the preceding series is not so well marked as for the spots. 

For the prominences we have obtained the following results: 


Number of Prominences 








1897 days of — 

observation | Mean number Mean height |Mean extent 
rs Catan ki Go s:pbib eh a50% mime 14 3.71 37-2 2.1 
i a dne Sorc Oa Keke e a 15 4-47 33.1 Ls 
NE reer 19 | 5-42 38.3 1.8 
REE pred neg es0~ eek vken hohe 21 3.86 34.9 1.4 
EE er ere ere 23 3.30 33.2 1.4 
ES ets enn y sailed mae Ome 28 4.00 36.6 1.4 





It thus appears that even the prominences have experienced 
a diminution of activity. The highest prominence observed 
244 
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(January) reached an altitude of 93", and not a single promi- 
nence is worthy of special remark. 

For the distribution in latitude of the various phenomena | 
have obtained the following data, grouped by zones for each 









































quarter: 
1897 
Prominences Faculz | Spots 
Latitude [|———— ee . —— — 
First quarter Second quarter | First quarter { Second quarter | First quarter | Second quarter 
| 
90°+80° | 0.004 | 0.000 } 
80 +70 | 0.008 | 0.003 
70 +60 | 0.008 0.003 
60 +50 | 0.050 | 0.087 0.000 | 0.004 ) 
50 +40 | 0.034 } 0.381 | 0.083 }0.545 | 0.000 0.000 } | 
40 +30 | 0.067 | 0.056 0.032 0.021 
30 +20 | 0.050 | 0.125 0.069 bose 0.057 Lo.gx0 0.000 
20 +10 | 0.059 | 0.118 0.127 0.119 | 0.122 } 0.367 | 0.000 
10 + 0 |o.101 | 0.070 0.175 | 0.209 0.245 0.351 0.35) 
0 —I0 |0.156 ) 0.098 } 0.185 ) 0.246 | 0.306 0.433 0.6 
10 —2 0.169 | 0.090 | 0.196 0.193 | 0.286 } 0.633) 0.216) 49 
20 —30 | 0.139 0.101 0.100 0.098 0.041 
30 —40 | 0.038 0.049 0.063 0.597 0.024 £0590 
40 —50 | 0.063 }0.619| 0.066 }0.455 | 0.048 | 0.021 | 
50 —60 | 0.042 0.031 | 0.005 } 0.008 | 
60 —70 |0.004 0.007 
70 —-80 |0.008 0.003 | 
80 —go |0.000 } 0.010 } 




















While the facula and spots show in the two quarters a 
greater frequency in the southern zones, the frequency of the 
prominences has been a little greater for the northern hemi- 
sphere in the second quarter. Prominences have been seen in 
almost all the zones, while the facule have been confined within 
the limits + 60°, and the spots within the zones (+ 20°— 30°). 
I have observed no eruptions during the six months, and on the 
spots I noted merely the reversal of the lines D,, D, on the 
14th of January over the great spot near the western limb. One 
might therefore almost affirm that the constitution of Sun-spots 
has undergone a change! 


RoME, August 20, 1897. 








HELIOGRAPHIC POSITIONS. I. 
By FRANK W. VERY. 


THE study of the solar surface is now and must continue to 
be a very important department of astrophysics. With the pos- 
sible exception of the human brain, there is no more wonderful 
object in nature than the Sun, but only those who, with the aid 
of a powerful telescope and rare atmospheric quiescence, have 
been able to gaze for hours on the majestic turmoil of a great 
Sun-spot in full vigor, can appreciate the fascination which 
attaches to this study. Such favored ones will recognize that, 
while the investigation of the intimate surface structure of the 
Sun by Secchi, Langley, Janssen, Young, and others, together 
with the consecutive researches of solar history by Carrington, 
Spoerer, Wolf, De La Rue and Stewart, Tacchini, and the Green- 
wich observers, have given us a basis of firmly established facts, 
we have scarcely begun to realize the meaning and the variety of 
the phenomena involved; and only minute and assiduous study 
will open the solar secrets further. The beginner in such studies 
can at first do little more than familiarize himself with the leading 
facts by actual observation, and verify the conclusions of his 
predecessors. Even this demands a very considerable outlay of 
time and patience, and it is for such students that I propose to 
review the initial steps for obtaining accurate positions on the 
solar surface. No especial claim is made for originality, but I 
shall endeavor to gather into one body a considerable mass of 
scattered information, and, whatever else may be lacking, to at 
least present this material in an intelligible form. I find that the 
relative positions of points on the Sun-sphere, although governed 
by elementary considerations, are sufficiently intricate to be 
difficult of retention in the memory, and judging from their pub- 
lished figures, many professional astronomers share in my failing. 
I trust, therefore, that the details given here may not seem 


superfluous. 
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In photographing the Sun it will usually be most convenient 
to adopt a fixed distance for the photographic plate, or at least a 
distance which varies only with the temperature, and which is 
determined experimentally as the one giving the sharpest focus 
with the given optical apparatus and the particular photographic 
film employed. The diameter of the image will in this case vary 
from day to day, and each picture must be reduced separately. 
The labor, however, can be minimized by preparing suitable 
tables. 

Where the method of Sun-drawing upon a solar projection is 
employed, it is best to adopt a convenient diameter for the solar 
image of an exact number of scale units (¢.g., 20™, 8 inches, % 
foot, or some such number) for convenience in reduction, adher- 
ing to this magnification throughout the entire series. Circles of 
the adopted size may be drawn in advance upon white paper. 
The paper is pinned upon a drawing board, sliding on rigid 
guides attached to the telescope and with its plane perpendicular 
to the optical axis. The distance of the paper is varied from 
day to day so that the carefully focused solar image shall fit the 
circle, giving a constant scale of linear distances at the Sun’s 
surface, though a variable one for angular measures on the celes- 
tial sphere. A shield of black cardboard, about three feet 
square, attached to the telescope, gives sufficient shade to the 
drawing board if indoors, but in the open air a closed canopy of 
black cloth may be needed. The position and outlines of spots 
are traced while the clock-driven telescope keeps the image 
coincident with the bounding circle of the projection. If a 
horizontal meridional heliostat is used, it will be necessary to 
rotate the drawing in the plane of projection about the optical 
axis, and to work rapidly. This arrangement is consequently 
ill-adapted to anything but instantaneous photography ; and for 
hand work there are advantages in the coelostat, rotating at half 
speed and sending the sunbeam east or west. 

A series of four double charts in orthographic projection, 
showing positions of meridians and parallels for every 10°, to 
40° north and south latitude, on a scale of five inches to the 
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solar diameter, has been published by Ball in his Aas of Astron- 
omy.* These are really equivalent to eight single charts, since 
each can be used upside down, and they permit the determina- 
tion of heliographic positions by inspection to within a degree or 
two, which in view of the rapid changes in Sun-spots is nearly 
accurate enough for general positions, but not for the detailed 
study of the changes in question which are of sufficient interest 
to be pursued for their own record and elucidation. If greater 
accuracy should be desired by this method, a series of seven 
double charts, one for each degree of the varying inclination of 
the Sun’s equator to the ecliptic, might be constructed, and such 
a series would be sufficient for reading spot-positions in Sun- 
drawings to something less than a degree, but the method is 
necessarily of limited value. 

Photographs are worthy of more precise treatment, and here, 
if the image has been projected by an eyepiece, the distortion 
of the field becomes appreciable. A very good way to determine 
the correction for distortion is to take chronographic transits of 
both limbs of the Sun, or of a small spot, across a system of 


lines, ruled parallel at a distance s= 4%, or &% inch apart, or in 
’ /4+ / 


general at some interval not far from a minute of arc, and placed 
at right angles to the solar motion at the distance of the usual 
projection. We will suppose that one of these lines, which may 
be called the central line, intersects the optical axis,and the lines 
to be so equally spaced that the time of passage across the cen- 
tral line coincides with the mean for the symmetrically disposed 
system. We then take the mean (for both limbs) of the time- 
intervals from mean passage as determined from the combination 
of all the transits. The correction for the instrumental variation 
in the direction of the Sun’s path in a meridional heliostat image 
is scarcely appreciable in so short an interval, and is nonexistent 
in an equatorial image; but that for the Sun’s motion in right 
ascension must be applied. Five series of double transits of the 
Sun’s limbs across a system of twenty-five parallel lines, or ten 
series of transits of a spot, will be sufficient. For some purposes 


* Published by D. Appleton & Co., New York, 1892. 
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we may wish to state the distortion-correction as a function 
varying from zero at the center to its maximum value at the edge 
of the field, or at the radius (R) of the solar image. Here it 
will be well to make a larger number of observations of the 
transit across a central interval, or across the two intervals on 
either side of the central line, the mean (/,) being assumed to 
represent the time-interval for an undistorted image, and this, 
multiplied by the number of spaces to the edge of the solar 
image (#,), gives a computed interval, 
Ig =f m= 1, =, 
s 
whose ratio to the time of passage of the semi-diameter is a 
number, having an excess above unity which is the distortion at 
a distance from the center of the field equal to the radius of the 
Sun’s image, the ratio of times being also an expression in terms 
of the linear radius in this particular case. The distortion may 
be converted into inches or centimeters on the scale of projec- 
tion by multiplication by the number of these units in the radius 
of the solar image, or may be stated in seconds of arc by mul- 
tiplying by the tabular value of the Sun’s radius in seconds 
(R"). In like manner the distortion at any point in the field 
(whose radius is 7) may be expressed as a percentage of the cor- 
responding radius of an undistorted field (v’ ) by multiplying the 
mean interval for a central space by the number of spaces to the 
given radius, 
I,n=T,, 
and comparing with the observed interval from central passage 
(/,). A point in the solar image at the real radius (r’) will be 
found in the distorted image at 


r= d (r’). 


In comparing distances and intervals, we see that 
, ‘a , / / 
rir ff (r")a&' :7' =i: 6, 


that is to say, the greater the distortion or magnification of a 
given part of the telescopic image, the shorter will be the transit 
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interval for the corresponding fraction of the normal transit, the 
times of transit being proportional to the distances. The dis- 
tortion at the radius ry’ (expressed as a fraction of the undis- 
torted radius) is: 





and the correction to the measured radius (7), required on 
account of distortion, is: 








subtractive if the distortion has increased the size of the image 
The corrected radial distance is therefore: 


rv! =r+(F- 1)r=r x -. 


Inasmuch as we do not wish to get the final value of the 
radius in linear units, but as a fraction of the solar semi-diameter 


R 
same in a distorted as in an undistorted image, the correction 


r , :' > a ; 
(3). and since the time of passage of the semi-diameter is the 


' ; ; a 
for distortion, as applied to the ratio R’ is zero at the center of 
the solar disk and at the limb (it being assumed that the solar 
image is central in the field) and attains a maximum at a little 
over half the radius of the disk. For the radius 7, the observed 


interval from central passage, expressed as a fraction of the 


—.: and since the time- 
Lp 
intervals are proportional to the real distances, this is also the 


time of passage of the semi-diameter, is 


r . - 
corrected value of RP: The ratio of the computed intervals for 


an undistorted image is the same as the ratio of the distances, or 
n, i, a 
Nel, R’ 
and the disagreement of computed and observed intervals is the 
evidence of distortion. That is to say, the point whose position 


in the distorted image has the fractional radius will not 


r 
R ’ 
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exhibit a corresponding ratio of intervals, but will be found in 


‘ . Pe : ; 
an undistorted image at y de te The distortion of the frac- 
R 
tional radius is therefore 
r r’ , & 


Fr" eo ee 
and the correction to be applied to the distorted fractional 
radius is: 


r’ ae * r 
zx ss @& zx” 
or the corrected value of = is: 
r’ ae * 
x ext 


If, as before, distortion has increased the size of the image, 
a r r 
iA > Rr’? the value of R’ 
tion that the image is undistorted, is too small, whence the cor- 


obtained on the erroneous assump- 


: age og 
rection to R'S positive." 


The value of the radius at any point of the solar disk, 
expressed in seconds of arc, is: 


= f, ” 
r —= 7 (2 ). 


and the correction to the radius in seconds (where the measure- 
ment has been made on the erroneous assumption of no distor- 
tion in the image) is: 


ae /, r ” 
vn (5--%) «(4 ): 


where, as before, Zp is the observed time of passage of the 
semi-diameter, and R" the tabular radius of the Sun in seconds 
of arc. 

The scale-value (V,") in seconds of arc per linear unit at the 
center is: 


*The accompanying note p. 259 by Mr. F. Slocum, a student at this Observatory 
will illustrate the application of these principles. 





ee 
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roan B)h( 
eam )=7,%(F): 


whence, at the center, the multiplier (7) is: 
_ AR. 


m = 
[ps 





but at any any other point of radius 7," the scale-value will vary 
according to the equation 


yo" = m@ oa +5 (=-*) | x (x"). 


The multiplier (mm) is a variable, but an approximate average 
value can be found for it by taking the ratio of computed and 
observed intervals corresponding to the radius at the center of 
gravity of the area included in the plotted distortion curve. 
The values computed in this way may need a little adjustment 
by comparison of the integrated radii (obtained by summing the 
scale-value for short intervals) with the true radii, 


 —_ i ” 
r =7-(2 ). 


Having obtained the scale-values in seconds, it is a simple 
matter to transform them into miles measured at the Sun’s sur- 
face. The distance to be used is, of course, that from the Sun’s 
surface to the Earth. 

Position-angles in either drawings or photographs are readily 
measured with the protractor, and need only a passing mention. 

The correction for distortion of field is not appreciable where 
no eyepiece is applied, unless the field is much greater than is 
ever employed in practice; but for projection-images, formed 
by the aid of eyepieces, the correction is required in accurate 
work for all but very narrow fields near the optical axis. In 
work with the position filar micrometer, since the eyepiece is 
merely used to examine the field of the objective, no correction 
for distortion is needed. With this instrument, therefore, we 
may measure spot-positions directly in polar coérdinates. 





v4 Tr ; 
* For the particular case of the marginal radius, Ve" = Vo" + = 7 —— (x") 
R 





| 
| 
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Sun-drawings made upon paper by the method of projection 
cannot pretend to very great accuracy, even when most carefully 
executed. Paper is hygroscopic, and, when placed in a warm 
solar image, changes its dimensions, even if there be no varia- 
tion of humidity between the observing and computing rooms. 
To avoid this buckling and distortion of paper by the Sun’s heat, 
Mr. Carrington made all of his long series of Sun-drawings upon 
ground glass, with an image eleven inches in diameter, all meas- 
urements being made either on the ground glass (coated with 
whitewash, tinted yellow and backed by dead black paper) or 
by the method of timing to be described presently. The draw- 
ings were transferred to paper for preservation, but no measures 
of accuracy were made from these paper relics. 

The method of timing ‘‘ grew out of a somewhat rude notion 
of making the disk of the Sun its own circular micrometer.” A 
pair of cross-wires being placed at right angles to each other, 
approximately 45° to the north and south line, and at the focus 
of the telescope, the times of transit of the Sun’s limbs, and of a 
spot, may be taken to determine the direction of the Sun’s path 
and the position of the spot. For example, if the experiment be 
made at the solstices, the Sun will move along a declination, 
parallel, and assuming that the Sun’s center does not, pass 
directly over the intersection of the wires, or that these are not 
exactly 45° to the north and south line, we shall have first con- 
tact of the preceding limb at one of the wires, which may be 
called A, the other being B. Let the times of contact in their 
order be A,, B,, A,, B,. Then calling a the angle made by 
wire A with a normal to the Sun’s path, or with an hour-circle 
if the deviation of the Sun’s path from an east and west line, and 
the variation of the refraction be neglected, 

tan a = a eee 

z-—s’ 
During the half year preceding the summer solstice, a line 
through the intersection of the cross-wires, at right angles to the 
Sun’s diurnal path, will incline towards the east of north, and 


towards the west in the second half of the year. Hence a cor- 











254 FRANK W. VERY 


rection for the deviation of the Sun’s path must at such times be 
applied to a, which is: 
Ad 
ion > sin ~ X 3600 X sin 1"’ 





where Aé is the Sun’s hourly increment of declination given in 
seconds of arc, and fis the north polar distance of the Sun. 
The position-angle of wire A is therefore a + x, the sign of « 
being positive from winter to summer solstice, and negative the 
rest of the year. 

Mr. Carrington has given*a formula by which the angle a 
may be corrected for differential refraction. Calling a’ the cor- 
rected angle, 








tana’ = tan a4) eee e: cos’ (a + 5) ’ 
1—e.sin’(a-+s) 

in which s is the Sun’s parallactic angle, positive for west hour- 
angles, and negative for east, while e is the eccentricity of the 
solar disk due to refraction. The correction is of troublesome 
application, and may be safely neglected in most observations, 
since the atmospheric tremor will seldom permit work at the low 
altitudes where the consideration of this correction becomes 
imperative. 

If A denotes also the point on wire A where the center of 
the Sun crosses, and B is the corresponding point on wire B, the 
times of the transit of the center are: 


atd----- ¥% (A,+ 4,), 
atB----- ¥% (2, + Z,), 


and the interval is: 
AB = % (B,+ B,)—% (4, +4,). 
The time of transit of the center over the normal to the Sun’s 
path through the intersection of the cross-wires is: 
T= ¥% (A, + A,) + AB sin “a. 
R. C. CARRINGTON, M/. X., 14, 155, 1854. 


*In the original, a was supposed to be measured from the east and west line, giv- 
ing s the opposite sign. 
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The diameter of the Sun will be 
2R=—15.sinp(8,—8,) sina, 
or if wire B make an angle with wire A, which is not exactly 90°, 
but 90°+ 6, the Sun’s diameter is 
2R=15.sinp(8,—#&,)sina.(1 + ¥%sin@), 

the sign of % sin @ changing if the cross-wires are rotated 
through go°, thus interchanging wires A and B. The angle @ 
may evidently be determined by making this interchange. 

If Dis the distance from the intersection at which the center 
crosses the normal to the Sun’s path, 

D=AB.cosa.sina. 

7 and D being the normal interval and distance for the Sun's 
center, while ¢ and d are the same for a Sun-spot, the spot’s 
coordinates relatively to the center are: 


In right ascension 15.sin p (¢-7), 
In north polar distance 15. sin pg (d-D), 


all quantities being finally expressed in seconds of arc. These 
values may be transformed into polar coédrdinates. As in the 
case of micrometric measures they require no correction for 
distortion. 

For a more complete elucidation of these formulas, the origi- 
nal paper by Carrington, already cited, should be consulted. 

In his larger work? Mr. Carrington deprecates the establish- 
ment of an east and west line on a Sun-drawing by allowing a 
spot to run across with telescope fixed, noting its path, and 
undoubtedly the method described by him is more accurate; but 
if care be taken that the spot shall make a central transit, avoid- 
ing whatever curvature of path is produced by the distortion of 
the field, and subsequently applying the correction for the Sun’s 
motion in declination, the trace of a transiting spot is prob- 
ably as accurate as the other steps in the production of a pro- 
jection-drawing, at least if nothing better than paper is used in 
making the sketch. 


™R. C. CARRINGTON, Odservations of the Spots on the Sun from November 9, 1853 
to March 24, 1861, made at Redhill. WLondon, 1863. 
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One especial advantage in the employment of the diagonal 
transit wires, as advocated by Carrington, is that the chromatic 
separation of images acts in the direction of the radial cross- 
wires, while the contacts observed are at right angles to the 
same direction. Errors due to imperfect achromatism are there- 
fore minimized. If the transits are repeated several times and 
their mean values taken, the irregularities of measured positions 
due to the almost universal diurnal atmospheric tremor will be 
largely eliminated. Accuracy in hand drawings is greatly hin- 
dered by tremor, and to such an extent that little advantage is 
gained by magnifying the image above a diameter of six or eight 
inches, although but for this trouble there should be increased 
precision with larger magnification. Instantaneous photography 
and the method of repeated transits will overcome the difficulty 
to a great extent. 

Carrington’s method does not give good results when a spot 
is near the limb. The micrometric measurement of the spot’s 
distance from the limb (R—r), as described by Secchi in his 
work on the Sun, is then to be preferred. In this case no cor- 
rection for distortion is needed, but to preserve the micrometer 
from injury and loss of accuracy through changes of dimension 
by the heat, special holders and screens are needed, and the 
wires are preferably made of fine platinum, since if of combusti- 
ble material the full aperture can scarcely be used. ‘As it is 
impossible to know the direction of the center exactly, we dis- 
pose the micrometer in such a way that one of its wires may 
be perpendicular, the other tangent to the limb. It is better 
that the second [ parallel ] wire should encroach a little upon the 
disk |in the preliminary adjustment]. We shall then be able to 
judge by the equality of its two segments when the recticule is 
properly placed.’’* 

The photographic method, employing a horizontal telescope 
and heliostat, permits the very exact orientation of the image by 
the simultaneous photographing of the shadow of a plumb-line 
of fine wire, suspended in front of the photographic plate and 


* A. SeccuHl, Ze Soleil, p. 83, Paris, 1870. 
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almost in contact with it. The position of the north and south 
line onthe image follows immediately by the application of the 
usual formulas for the parallactic angle. 

While photographs are to be preferred, the comparison of 
the results from carefully made drawings by Rev. S. J. Perry* 
shows that the drawings are not very far behind, and for train- 
ing the observing powers of the student they are indispensable. 

All that precedes relates to the determination of positions in 
a solar image in plane polar coérdinates. The transformation of 
these codrdinates will be considered in another article. 


LADD OBSERVATORY, 
Providence, R. I., July 1897. 


*S. J. Perry, “ Photographs and Drawings of the Sun,” Alem. R. A. S., 49, 273, 
1889. 
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HARVARD COLLEGE OBSERVATORY. CIRCULAR NO. 18. 


VARIABLE STAR CLUSTERS. 


Announcement was made in Circular No. 2 of the discovery by 
Professor Solon I. Bailey of numerous variable stars in certain globular 
stellar clusters, and their absence in other objects which apparently 
belong to the sameclass. Since then he has found many more of these 
variables, so that their total number, including a few found here, is now 
310, distributed as follows:—In WM. G. C. 104 (47 Tucanae), 6; in 
362, 8; in 1904,1; in 5139 (w Centauri), 60; in 5272 (Messier 3), 113; 
in 5904 (Messier 5), 63; in 5986, 1; in 6254, 1; in 6266, 9; in 6626, 
3; in 6656, 5; in 6723, 2; in 6752, 1; in 7078, 27; 7089, 8; and in 
7°99, 2. In the greater portion of these clusters about 1000 stars were 
examined. In Messier 3 about one-ninth of the stars are variable, 
while in others like V. G. C. 6205 (the great cluster in Hercules), out 
of nearly 2000 stars not asingle variable has been found. The positions 
of 62 of the stars in Messier 5 are given in the Harvard Observatory 
Annals, XXVI, 243, 246. The light curve and period of one of them 
are given in the A. WV., 140, 285. 


SOUTHERN DOUBLE STARS. 


A distinguishing feature of the climate of Arequipa is the great 
steadiness of the air. ‘The value of this location as an observing station 
is largely due to this fact. Good definition, under high powers, is 
obtained there on many more nights than in Europe, or in the United 
States, where nine-tenths of the observatories of the world are at present 
located. A search for close double stars may, therefore, be advan- 
tageously made at Arequipa, and accordingly, in 1891 all the stars of 
the sixth magnitude and brighter, south of declination— 30°, were 
examined for close companions. The stars in one quarter of the region, 
and included between 12" and 18" of right ascension were examined 
oy Professor William H. Pickering, and the remaining three-quarters 
by Professor Solon I. Bailey. The instrument used was the 13-inch 
Boyden telescope. A power of 450 was ordinarily employed. 
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The stars whose numbers in the Argentine General Catalogue are 
given below were found to have companions whose distances were 
estimated not to exceed 30". Stars already announced as double in 
the catalogues of Herschel and Russell are not included. When two or 
more companions were noted the letter T is inserted after the number: — 


A. G. C. 451 T, 480T, 684, 702, 780, 1024T, 1197, 2412, 2992» 
3487 T, 4368, 4395, 4845, 5295, 6494, 6633, 7914, 7990 T, 8093 T, 9234, 
10188, 10335, 10496, 11097, 11712, 11727, 11887, 12035, 12101, 
12180, 13135, 15795, 16200, 16541 T, 16612 T, 16690 T, 16793, 16845, 
16992, 17403, 17440, 17504, 17541 T, 17572, 17907, 17936, 18174 T, 
18492 T, 18700, 18773, 18863 T, 18931 T, 18980, 19129, 19273 T, 19280, 
19295, 19540 T, 19578 T, 19597 T, 19679, 19697, 19741, 19746, 19873, 
19916, 19934 T, 19980, 19988, 20049, 20170, 20203, 20444 T, 20466 T, 
20649, 20695, 20806 T, 20811, 20861, 20909 T, 21078 T, 21153, 21177, 
21319 T, 21374, 21421 T, 21499 T, 21559, 21694 T, 21767, 21828, 21887, 
21921, 21974, 21995, 22124, 22159, 225347, 22582, 22598, 22604, 
22949, 22970, 23018, 23035 T, 23098, 23126 T, 23358, 23397 T, 23448 T, 
23486, 235151, 23549T, 23597 T, 236037, 237857, 23973, 24148, 
24182, 24218, 24407T, 24483, 24557, 24570, 24624, 24703, 24888, 
25137, 25259, 25527, 25548, 260267, 26041, 26287, 27354, 27909, 
28851, 29314, 29368, 30425, 30814, and 32446. 


SPECTRUM OF ¢ PUPPIS. 


In Circular No. 16 it was shown that a line having wave-length 
5413-9 probably exists in the spectrum of this star. This line is clearly 
visible on three photographs of this star taken in Arequipa on isochro- 
matic plates. EDWARD C. PICKERING. 

JULY 29, 1897. 





NOTE ON THE DISTORTION DUE TO THE LENS IN A 
PROJECTION DRAWING. 


THE following observations were made in connection with a series 
of projection-drawings of the Sun with a 12-inch equatorial. An 
image of the Sun, of three inches radius, was allowed to pass over 
twenty-five parallel lines, one-quarter inch apart, carefully adjusted 
perpendicular to the direction of the Sun’s motion. The times of 
passage over each line of both limbs and a few small spots were 
recorded by the chronograph. The time-intervals from the center 
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were found, and the correction for the Sun’s motion applied. The 
means of the time-intervals from the center to the limb were taken and 
divided in succession by the largest, 7. ¢., by the time corresponding 
to the passage of the radius. This gives the percentage of times, and 
these are compared with the percentage which would be found if there 
were no distortion. This latter is the same as the percentage of linear 
intervals, and is found by dividing the distances from the center by 
the radius. The differences between these two percentages give the 
e ; 
corrections to R in Carrington’s notation, where 7 is the distance of 
the spot from the center of the projected image, and & is the radius 
of the projection. 
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FIG. 1. 


Curve I, Fig. 1, has for ordinates these corrections and for abscissz 
the distances from the center. 

To find the correction in inches to any distance on the projection 
measured from the center, the mean intervals of times, corresponding 
to the same radius as found from the transit observations across the 
parallel lines, were compared with the intervals corresponding to an 
undistorted image. ‘These were found by considering the center of 
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Transit intervals 














Line eens - 
Limb 1 Limb 2 Limb 1 Limb 2 Limb 1 Limb 2 | Limb 1 Limb 2 | Spot 
Ss Ss Ss Ss Ss Ss Ss Ss Ss 
Reetsseens 66.65 66.03 66.65 65.84 66.76 65.88 66.91 65.70 66.30 
Bikcsccnsest Ge 60.78 61.55 60.69 61.58 61.38 61.61 61.50 61.35 
Sissecesvas, SOSG | SEO5 55.85 | 55.94 56.08 55-93 56.26 55.85 55.85 
Myksalccss , 50.83 | 50.65 50.75 50.74 50.98 50.78 50.81 | 50.80 50.85 
Seeee eens 45.25 45-35 45.25 45.14 45-38 45-33 45-31 | 45.40 45.50 
a 39.99 40.00 | 40.00 40.04 |} 40.18 39-93 | 39.86 | 39.90 39.80 
Teseeceeeee!| 34-54 34-05 34-35 34-34 34-33 34-43 | 34-40 | 34.40 34.20 
Dites ties 28.75 28.88 28.85 28.79 28.73 28.93 | 28.86 | 28.90 28.85 
ae 23.05 23.15 23-14 | 23.03 23.28 | 23.01 23.30 | 23.10 
Winss0etaks 17.45 17.55 17.35 17.64 | 17.58 17.58 | 17.61 17-55 | 17.50 
Beiscscccscd FE 11.82 | 11.75 11.89 11.68 11.78 11.71 11.70 | 11.80 
scars 5.93 5.80 | 6.05 6.12 5.98 6.18 6.21 6.10 | 6.05 
>) ar 05 55 .05 -44 .08 38 31 .20 +30 
BOicccrsiscos) Same 5.25 5.85 5.86 5.72 5.72} 5-79 5:75 | 5.90 
Eiwiecssiresl SRR F890 11.65 11.61 11.72 11.52 | 11.39 11.80 11.30 
16.......+2-] 17.65 | 17.65 | 17.37 | 17.46] 17.57 17.52 | 17.79 17.50 17.10 
PPisssccvcce) GO05 1 Gale) 2585 22.86 | 23.27 | 22.82 | 23.19 23.00 23.20 
D esscsevest Gee | 28.70 | 28.75 | 28.46 | 28.72 | 28.42 | 28.79 | 28.60 | 28.72 
IQ. ses eeeeee| 34-45 | 34-10 | 34-25 | 34:30 | 34.52 | 34-42 | 34.39 | 34-45 | 34.20 
20..20++e+++] 39:94 | 40.00 | 39.77 40.06 | 39.97 | 39-77 | 39:99 | 39.90 | 40.15 
BE nccccerees! 45.40 45-35 | 45-40 45.46 45.72 45.32 | 45-79 45-45 45-45 
Wsussxs -| 50.85 | 50.50 | 50.95 50.56 | 50.72 | 50.72 50.89 50.75 50.80 
_. eee e | §6.21 | 56.10 56.05 | 56.06 | 56.22 56.32 | 56.29 | 56.10 56.15 
24. cooces| 61.46 61.20 61.65 | 61.21 | 61.67 | 61.37 61.79 | 61.35 61.50 
eT | 66.52 | 66.70 | 66.55 | 66.91 | 66.62 | 66.52 | 66.79 | 66.80 | 66.70 
a ad 



































Spot 


66.71 
61.61 
56.36 
51.11 
45-51 
39-96 
34-51 
28.81 
23.11 
17.26 
11.61 
6.26 
-16 
5.69 
11.49 
17.49 
23.19 
28.99 
34-59 
39-94 
45-49 
51.04 
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61.69 
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Corrected 
mean 


66.34 
61.35 
56.00 
50.79 
45.28 
39.89 
34-34 
28.74 
22.99 
17.38 
11.56 
5-9I 
.07 
5-55 
11.37 
17.29 
22.85 
28.46 
34.10 
39-67 
45.18 
50.47 
55.87 
O1.15 
60.33 
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4 rf p z 2 . & PA 5 
« E 3 o = a v 2 
SiS tes | Sle 1 oe | ee yieds 
£38 S ° g S 25 872 5 a" « 
Ee » e > & Ez Ss ¢ 3.2538 
38 z #, s y 38 | ge8e eee 
cf z 5s 5 28 SRS 5S uxt = ESOES 
= av A, S a a ) a 2) 

Ss in Ss Ss Ss in 
66.34 | 1.00 1.00 +o 3.00 66.34 68.76 2.42 —.106 
61 25 923 -Q17 -+.006 2.75 61.25 63.03 1.78 —.077 
55-94 | .843 833 | +.010 | 2.50 | 55.94 57-30 1.36 —.059 
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the image as undistorted, and taking the time of passage over the 
middle space as the unit of time for each space. The differences 
between these times were found and reduced to inches by dividing by 
four times the central unit, since this unit corresponds to one-fourth 
of an inch. 

Curve II, Fig. 1, has for ordinates these corrections, and for 
abscissz the distances from the center. 


The results tabulated are self-explanatory. 
FRED SLOCUM. 
PROVIDENCE, R. I., 
May 1897. 


e THE YERKES OBSERVATORY OF THE UNIVERSITY 
OF CHICAGO, BULLETIN NO. 3. 
DEDICATION OF THE YERKES OBSERVATORY. 


THE following additions should be made to the programme of the 
dedication of the Yerkes Observatory published in the last number of 
the ASTROPHYSICAL JOURNAL. 

The principal scientific address to be made at the Observatory on 
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October 21, in connection with the formal presentation of the building 
and instruments to the University of Chicago, will be delivered by 
Professor James E. Keeler, Sc. D., Director of the Allegheny Obser- 
vatory. The subject of the address is “The Importance of Astrophys- 
ical Research, and the Relation of Astrophysics to other Physical 
Sciences.” 

The subject of Professor Newcomb’s address, which will be deliv- 
ered at the University of Chicago, on the following day, is “ Aspects 
of Modern Astronomy.” 

On Monday evening, October 18, Professor S. W. Burnham will 
show selected double stars with the 40-inch Yerkes telescope. This 
part of the programme, in common with others involving telescopic 
observations, is, of course, subject to change in the event of unfavorable 
weather. 

Professor Siman Newcomb will speak at the conferences on a sub- 
ject to be announced later. 

Professor Comstock has changed the title of his paper to 
‘Researches at the Washburn Observatory.” It will be presented on 
Tuesday, Oct. 19, instead of Wednesday, as previously announced. 
Professor Comstock will exhibit a new form of double-image micro- 
meter. 

The title of Dr. Laves second paper has been changed to 
“Researches on Planet 3.34.” GeEorGE E. HALE. 


YERKES OBSERVATORY, 
September 1897. 
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